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HEARING CHARTER 

COMMITTEE ON SCIENCE 
U.S. HOUSE OF REPRESENTATIVES 

Strengthening Windstorm Hazard 
Mitigation: An Examination of 
Public and Private Efforts 


MONDAY, FEBRUARY 9, 2004 
1:30 P.M.-3:30 P.M. 
MERKET ALUMNI CENTER, 
TEXAS TECH UNIVERSITY, 
LUBBOCK, TEXAS 


1. Purpose 

On Monday, February 9, 2004, at 1:30 p.m., the House Science Committee will 
hold a field hearing to examine the status of windstorm hazard mitigation in the 
United States, and to consider the role of federal research and development in wind- 
storm hazard reduction. 

2. Witnesses 

Dr. Charles Meade is a senior physical scientist with the RAND Corporation’s 
Science and Technology Policy Institute in Washington, DC. He is the primary au- 
thor of “Assessing Federal Research Developments for Hazard Loss Reduction,” a 
study prepared for the White House Office of Science and Technology Policy in 2003. 

Dr. Ernst W. Kiesling is a Professor of Civil Engineering at Texas Tech Univer- 
sity. Dr. Kiesling has 37 years of teaching, research, and administrative experience 
at Texas Tech University, including serving as Chairman of the Civil Engineering 
Department from 1969 to 1988. Dr. Kiesling was the first to develop an “in-resi- 
dence” tornado shelter, providing occupant protection during tornadic events. The 
research provided the basis for a Federal Emergency Management Agency (FEMA) 
publication on in-residence shelter design. 

Mr. Bryan Shofner is President of Shofner & Associates Insurance Agency in Lub- 
bock, Texas. Mr. Shofner was named “Young Agent of the Year” in 2001 by the 
Independent Insurance Agents of Texas. Mr. Shofner has been a longtime member 
of his local, State, and national independent insurance agents associations, includ- 
ing serving as President of the Lubbock Association of Insurance Agents. 

Dr. Bogusz Bienkiewicz is a Professor of Civil Engineering at the Colorado State 
University Wind Engineering and Fluids Laboratory. Dr. Bienkiewicz is also the 
Vice President of the American Association for Wind Engineering, Secretary of the 
American Society of Civil Engineers Committee on Wind Effects, and Co-chairman 
of the International Wind Engineering Forum. 

3. Overarching Questions 

The hearing will address the following overarching questions: 

1. How vulnerable is the built environment in the United States to windstorm 
hazards? What are some of the top opportunities for, and primary barriers 
to, reducing these vulnerabilities? 

3. What is the size, structure, and focus of federal wind hazard mitigation ef- 
forts, particularly with regard to research and development? 

3. What gaps in data exist with regard to our knowledge and understanding of 
windstorm hazards, and how could the overall wind hazard mitigation port- 
folio be refocused or otherwise strengthened to improve mitigation in the 
United States? 

4. How can non-federal entities such as the insurance industry and State and 
local governments contribute to, and benefit from, improved wind hazard 
mitigation? 
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4. Brief Overview 

• The United States currently sustains several billion dollars each year in prop- 
erty and economic losses due to windstorms. While estimates of annualized 
windstorm damages are highly variable and limited in scope, the National 
Weather Service estimates that between 1995 and 2002, hurricanes, torna- 
does, and thunderstorm winds caused on average $4.5 billion in damage per 
year. The American Society of Civil Engineers has estimated windstorm dam- 
ages to be in excess of $5 billion per year. 

• The most powerful hurricane in the last century to hit the United States was 
Hurricane Andrew, in August of 1992. It caused 58 deaths and approximately 
$27 billion in damages. In addition, more than one million people were evacu- 
ated from Southern Florida because of the storm. 

• A variety of cost-effective windstorm hazard mitigation measures exist, and 
many more are undergoing research and development. It is unclear to what 
extent these mitigation technologies have been adopted, but it is generally 
agreed that they have been under-utilized, and that significant improvements 
in the wind resistance of buildings and other structures will not be achieved 
without improved incentives at the local and individual level. This fact, com- 
bined with growing populations in coastal areas particularly susceptible to 
major windstorms, has led to substantial increases in the overall windstorm 
vulnerabilities. 

• Federal windstorm hazard mitigation efforts span several agencies, including 
the Federal Emergency Management Agency (FEMA), National Institute of 
Standards and Technology (NIST), National Oceanographic and Atmospheric 
Administration (NOAA), National Science Foundation (NSF), and the Depart- 
ment of Energy (DOE). Evaluations of the size, scope, and effectiveness of 
these mitigation efforts have found significant room for improvement. For ex- 
ample, a 1999 report by the National Academy of Sciences found that: 
“. . .there is still a lack of leadership, focus, and coordination of wind-hazard 
mitigation activities across all agencies, and funding for research and develop- 
ment specifically targeting wind-hazard reduction issues is insufficient.” 

5. Background 

Hurricanes and Tornadoes 

High winds can easily destroy poorly constructed buildings and mobile homes. 
Hurricanes can reach constant wind speeds greater than 155 mph and extend out- 
ward as far as 400 miles. While the National Weather Service is able to detect hur- 
ricanes days before they make landfall, predicting when, where, and with what force 
a hurricane will hit remains an inexact science. 

Tornadoes generally occur near the trailing edge of a thunderstorm, though they 
are also often produced by hurricanes. Tornado winds can reach up to 300 mph and 
can be powerful enough to lift homes off foundations. Tornadoes are much more dif- 
ficult to detect than hurricanes with an average lead-time for warnings of only 12 
minutes. This makes evacuation nearly impossible, a factor that led to the develop- 
ment and implementation of in-residence tornado shelters, developed from research 
performed at Texas Tech University. 

Since 1950, tornadoes have claimed over 4,400 lives. Texas has been particularly 
vulnerable, averaging 124 tornadoes each year — more than double the average of 
any other state. On May 11, 1970, a tornado ripped through downtown Lubbock, 
Texas, killing 26 people, injuring at least 1,500 more, and causing more than $530 
million in damage. 

While the Federal Government does not maintain a comprehensive windstorm 
loss database, the National Weather Service does compile damage estimates that 
demonstrate the tremendous costs of windstorms (Table 1). Also, the insurance in- 
dustry maintains separate loss databases that measure damage to insured property. 
However, according to “Disasters by Design: A Reassessment of Natural Hazards in 
the United States,” a 1999 report by the National Academy of Sciences, insurance 
industry data may represent only a small percentage of total losses because many 
property owners do not buy coverage against hurricanes and other natural hazards. 
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Table 1, National Weather Service Estimates of Windstorm Impacts (1995-2002) 


Year 

Fatalities 

Tornadoes Hurricanes 

T-storm Winds 

Injuries 

Tornadoes Hurricanes 

T-storm Winds 

Total Damages (Ir 

Tornadoes Hurricanes 

millions of $) 

T-Storm Winds 

2002 

55 

51 

17 

968 

346 

287 

802.1 

1382.4 

344.5 

2001 

40 

24 

17 

743 

7 

341 

637.5 

5190.5 

378.8 

2000 

41 

0 

25 

882 

1 

296 

430.5 

8.2 

304 

1999 

94 

19 

29 

1842 

10 

325 

1998.2 

5068.8 

388.7 

1998 

130 

9 

41 

1868 

77 

860 

1736.2 

4127.9 

1597.3 

1997 

67 

1 

37 

1033 

32 

425 

736.5 

875.4 

242.1 

1996 

25 

37 

23 

705 

22 

335 

732.1 

1787 

452.8 

1995 

30 

17 

38 

650 

112 

473 

410.8 

5932.3 

745.1 


With more people than ever before living near coastlines, vulnerability to wind 
hazards in the U.S. is steadily increasing. Already, more than one in six Americans 
live in a county that lies next to the eastern Atlantic or Gulf of Mexico coast. In 
addition, the coastal population is growing rapidly, particularly from Texas through 
the Carolinas. In popular resort areas that are common along the coastline, num- 
bers often swell even further when holiday, weekend, and vacation visitors arrive. 
These large and increasing populations have resulted in substantial increases in 
buildings and infrastructure in high-risk coastal areas that are also vulnerable to 
windstorms. 

Federal Windstorm Hazard Mitigation Efforts 

The size and scope of federal investments in windstorm hazards research and de- 
velopment (R&D) is generally agreed to be in the range of a few million dollars, 
though specific numbers are hard to come by, in part because of the fragmented and 
uncoordinated nature of these efforts. Agencies contributing to this effort include 
FEMA, NOAA, NIST, NSF, and DOE. 

The bulk of the windstorm hazard funding is directed toward fundamental re- 
search and development into the atmospheric and meteorological aspects of wind- 
storms, contributing to a greater understanding of weather-related phenomena, but 
generally without specific mitigation applications in mind. A smaller portion of the 
windstorm hazard research and development effort is directed toward structural and 
engineering aspects of buildings and infrastructure impacted by windstorms. In a 
1999 report, the National Academy of Sciences recommended that: “The Federal 
Government should coordinate existing federal activities and develop, in conjunction 
with state and local governments, private industry, the research community, and 
other interested stakeholder groups, a national wind-hazard reduction program. 
Congress should consider designating sufficient funds to establish and support a na- 
tional program of this nature.” 

Unfortunately, simply developing technical solutions will not reduce vulnerability 
to wind hazards. FEMA and the insurance industry have both determined that im- 
proving the wind resistance of buildings will only be achieved when there is a de- 
mand for wind-resistant construction by homeowners. Solving the wind-vulnerability 
problem will not only require coordinated work in scientific research and technology 
development, but education, public policy, the behavioral sciences, and technology 
transfer as well. 

6. Questions for Witnesses 

The witnesses were asked to address the following questions in their testimony: 
Dr. Meade 

• What regions of the country and characteristics of the built environment are 
most vulnerable to windstorm hazards? Are these vulnerabilities increasing 
or decreasing, and why? What are some of the opportunities for, and primary 
barriers to, reducing these vulnerabilities? 

• Approximately how much money does the Federal Government spend per 
year on wind hazard mitigation research and development? Where is this ef- 
fort currently focused (i.e., direct vs. indirect research, engineering, economic, 
meteorological, etc.)? Where are the primary gaps with regard to our knowl- 
edge and understanding of windstorm hazards? How could the federal wind 
hazard research and development portfolio be refocused or otherwise 
strengthened to improve mitigation in the United States? 
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Dr. Bienkiewicz and Dr. Kiesling 

• What regions of the country and characteristics of the built environment are 
most vulnerable to windstorm hazards? Are these vulnerabilities increasing 
or decreasing, and why? What are some of the top opportunities for, and pri- 
mary barriers to, reducing these vulnerabilities? 

• What are some of the processes that are in place for transferring new tech- 
nologies to government agencies and the private sector for implementation? 
What role do the research activities at Texas Tech University and Colorado 
State University play in implementation of new mitigation techniques? 

• What steps could be taken to strengthen the federal wind hazard research 
and development portfolio in the United States, particularly with regard to 
planning, coordination, and focus within the research and development port- 
folio? 

Mr. Shofner 

• How would you characterize the size and focus of ongoing wind hazard miti- 
gation research and development being performed by the insurance industry? 
To what extent do insurance industry research efforts build on research done 
by universities or the government, and vice-versa? How does the insurance 
industry work with Federal, State, and local governments to share data that 
may help contribute to windstorm hazards reductions? 

• Approximately how much damage do wind hazards cause in the United States 
on an annual basis, and are these damages broken down by variables such 
as building types, structural characteristics, and geography? What types of 
damage are taken into account in compiling these damage estimates, and 
what types are not included? What data gaps exist with regard to our knowl- 
edge and understanding windstorm hazards? 

• What role does the insurance industry play in encouraging implementation of 
existing mitigation techniques in retrofitting and new home construction? To 
what extent do insurance policies consider and incorporate incentives for im- 
plementation of these mitigation techniques? 
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Mr. Neugebauer. We will call this hearing to order on Strength- 
ening Windstorm Hazard Mitigation for purposes of the examina- 
tion of public and private efforts. 

I want to welcome everyone to this hearing where we will exam- 
ine the status of windstorm hazard mitigation in the United States 
and consider the role of federal research and development in wind- 
storm hazard reduction. 

On May 11th, 1970, tragedy struck Lubbock, Texas. An F-5 tor- 
nado ripped through downtown Lubbock. Twenty-six people were 
killed, and at least 500 were injured. The tornado had winds esti- 
mated in excess of 200 miles per hour and damaged or destroyed 
a large section of the city, mainly north and east of 19th and Uni- 
versity, where we sit today. 

And as a little postscript to that, I was at the corner of 22nd and 
University in a friend of mine’s home, but I should have been over 
on 5th and Avenue Q in my apartment, which was totally de- 
stroyed by the tornado, and so I can testify that my person was 
safe, but my property was not. We are going to be talking about 
some issues that revolve around that today. 

In just a few moments, between 9:35 p.m. and the time that the 
funnel lifted into the clouds, the tornado devastated the community 
along an eight and a half mile wide path. It wrought havoc along 
a track that was one and a half miles wide in downtown Lubbock, 
to one-fourth mile wide as it passed over the Weather Bureau Of- 
fice located at the Lubbock Airport. The twister was responsible for 
$125 million in damage and an estimated 15 square miles of the 
city either damaged or destroyed. 

The National Weather Service estimates that between 1995 and 
2002 hurricanes, tornadoes, and thunderstorm winds caused an av- 
erage of $4.5 billion in damage each year during that period. Texas 
alone averages 124 tornadoes a year, which is more than double 
the average of any other state. 

Technology advancements in the second half of the century have 
contributed to better, more accurate severe weather watches and 
warnings from the National Weather Service, ultimately saving 
countless lives. 

The biggest advancement for severe weather forecasting was the 
development of the Doppler radar. Scientists and other researchers 
took the airborne radar development by the U.S. Military during 
World War II and applied it to weather forecasting and severe 
storm identification. The ultimate result was the next generation 
of radar Doppler that we currently use today. 

Advancements in computer technology also made some progress 
in the area of weather prediction, allowing meteorologists to apply 
physics in replicating motions of the atmosphere. This, combined 
with diligent analysis to recognize weather patterns, helped ad- 
vance severe weather prediction to its current level of an average 
lead time of over 11 minutes. 

Even as we build on our current weather prediction successes 
and create new resources for predicting windstorms at a greater 
rate, the United States continues to sustain several billion dollars 
each year in property and economic losses due to windstorms and 
human costs are — well, human costs are also very painful. West 
Texas is particularly vulnerable to the high winds in tornadoes. 
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A variety of windstorm hazard mitigation measures exist and 
many more are undergoing research and development. For exam- 
ple, in the past five years the Texas Tech Wind Engineering Re- 
search Center has received funding under a cooperative grant with 
the National Institute for Standards and Technology to research 
the detrimental effects of windstorms on buildings and to reduce 
losses from windstorm events. Their work has led to many accom- 
plishments on the national scope. This year they have received an 
additional $994,000 to carry on their research to improve the econ- 
omy of shelters and wind resistant construction. 

Improving the wind resistance of buildings will only be achieved 
when there is demand for wind resistant construction by home- 
owners. The tornado in Lubbock that was so destructive more than 
30 years ago is a reminder of how vulnerable we are and how seri- 
ous we should be about severe weather safety and preparedness. 

For the next couple of hours we will hear from expert witnesses, 
who I will probably introduce in a few minutes, on how current 
windstorm hazard mitigation works and we will discuss how the 
Federal Government can help facilitate further research. I look for- 
ward to hearing everyone’s testimony and I am proud to bring this 
hearing to the 19th District. 

Now I would like to recognize my colleague on the House Science 
Committee, Congressman Dennis Moore from Kansas, so that he 
may make some opening remarks. Congressman Moore has been a 
leader on this issue and currently serves as co-chair of the Wind 
Hazard Reduction Caucus, an organization which focuses on in- 
creasing the awareness of the Members of Congress about the pub- 
lic safety and economic loss issues associated with wind. I would 
like to thank him and welcome him to Lubbock for this hearing 
and look forward to working with him on this very important issue. 
Mr. Moore. 

[The prepared statement of Mr. Neugebauer follows:] 

Prepared Statement of Representative Randy Neugebauer 

I want to welcome everyone to this hearing where we’ll examine the status of 
windstorm hazard mitigation in the United States and consider the role of federal 
research and development in windstorm hazard reduction. 

On May 11, 1970 tragedy struck Lubbock, Texas. An F5 tornado ripped through 
downtown Lubbock. Twenty-six people were killed and at least 500 more were in- 
jured. The tornado had winds estimated in excess of 200 mph, and damaged or de- 
stroyed a large section of the city, mainly north and east of 19th Street and Univer- 
sity Avenue — where we sit today. 

In the few moments between 9:35 p.m. and the time the funnel lifted into the 
clouds, the tornado devastated the community along an 81 mile path. It wrought 
havoc along a track that was 11 miles wide in downtown Lubbock to one-fourth mile 
wide as it passed over the Weather Bureau Office located at the Lubbock Airport. 
The twister was responsible for 125 million dollars in damage with an estimated 
15 square miles of the city damaged or destroyed. 

The National Weather Service estimates that between 1995 and 2002, hurricanes, 
tornadoes, and thunderstorm winds caused an average of 4.5 billion dollars in dam- 
age every year. Texas alone averages 124 tornadoes a year, which is more than dou- 
ble the average of any other state. 

Technological advancements in the second half of the century have contributed to 
better, more accurate severe weather watches and warnings from the National 
Weather Service, ultimately saving countless lives. The biggest advancement for se- 
vere weather forecasting was the development of Doppler radar. Scientists and other 
researchers took the airborne radar developed by the U.S. military during World 
War II and applied it to weather forecasting and severe storm identification. The 
ultimate result was the Next Generation Radar Doppler that we currently use. 
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Advancements in computer technology also led to progress in numerical weather 
prediction, allowing meteorologists to apply physics in replicating motions of the at- 
mosphere. This, combined with diligent analysis to recognize weather patterns, 
helped advance severe weather prediction to its current level of an average lead 
time of over 1 1 minutes. 

Even as we build on our current weather prediction successes and create new re- 
sources to predict windstorms at a greater rate, the United States continues to sus- 
tain several billion dollars each year in property and economic losses due to 
windstonns — and the human costs are all too painful. West Texas is particularly 
vulnerable to high winds and tornadoes. 

A variety of cost-effective windstorm hazard mitigation measures exists, and 
many more are undergoing research and development. 

For example, in the past five years the Texas Tech Wind Engineering Research 
Center has received funding under a cooperative agreement with the National Insti- 
tute for Standards and Technology to research the detrimental effects of windstorms 
on buildings and to reduce losses from windstorm events. Their work has led to 
many accomplishments on the national scope. This year they have received an addi- 
tional 994,100 dollars to carry on their research to improve the economy of shelters 
and wind resistant construction. 

Improving the wind resistance of buildings will only be achieved when there is 
a demand for wind-resistant construction by homeowners. The tornado in Lubbock 
that was so destructive more than 30 years ago is a reminder of how vulnerable 
we are and how serious we should be about severe weather safety and preparedness. 
For the next couple of hours we will hear from expert witnesses, who I will properly 
introduce in a few minutes, on how the current windstorm hazard mitigation proc- 
ess works and we will discuss how the Federal Government can help facilitate fur- 
ther research. I look forward to hearing everyone’s testimony and I’m proud to bring 
this hearing to the 19th District. 

Now I’d like to recognize my colleague on the House Science Committee, Con- 
gressman Dennis Moore from Kansas so that lie can make his opening remarks. 
Congressman Moore has been a leader on this issue and currently serves as Co- 
chair of the Wind Hazard Reduction Caucus, an organization which focuses on in- 
creasing the awareness of Members of Congress about the public safety and eco- 
nomic loss issues associated with wind. I’d like to thank him and welcome him to 
Lubbock for this hearing. I look forward to working with him on this important 
issue. 

Mr. Moore. Thank you very, very much, Congressman 
Neugebauer, for inviting me here today. I really appreciate your 
coming up with the idea for this hearing today here in Lubbock 
and for hosting and basically chairing this committee. I am looking 
forward to the testimony of our panel of experts here today. 

I also want to thank Texas Tech for working with me for the past 
three Congresses. I have been in Congress now, I’m starting my 
sixth year. Texas Tech has worked closely with us and my staff in 
the three Congresses on legislation on this topic. To keep this truly 
bi-partisan I will also recognize and thank Representative Sten- 
holm for helping to give an initial earmark that brought $3.8 mil- 
lion to the Texas Tech Wind Disaster Research Program in 1998, 
but I think we owe a special debt of gratitude again to the Con- 
gressman here for bringing us here today for this very, very impor- 
tant hearing. 

Five months after I took office in 1999, my hometown of Wichita, 
Kansas, was hit by an F-4 tornado which plowed through the sub- 
urb of Hayesville, Kansas, killing six, injuring 150, and causing 
over $140 million in property damage. The devastation of this at- 
tack motivated me to do something about the old Mark Twain 
adage, “Let’s do something about the weather.” I put together legis- 
lation modeled after NEHRP [National Earthquake Hazards Re- 
duction Program], the successful earthquake research program 
begun over 30 years ago. My legislation’s goal is to mitigate loss 
of life and property due to wind and related hazards and I am 
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proud to say that the Congressman here is a co-sponsor of this leg- 
islation, which I think is very important. 

I utilized comments from the American Society of Civil Engi- 
neers, the American Association of Homebuilders, the insurance in- 
dustry, meteorologists, emergency managers, academia, industry, 
and the Manufactured Housing Association to try to fine tune our 
legislation and on May 4 of 2003, almost four years to the day after 
the deadly 1999 Kansas and Oklahoma tornadoes, tornadoes again 
touched down in metro Kansas City and the surrounding suburbs, 
which is my district, as well as in many of Science Committee col- 
leagues’ Districts, destroying property, killing and injuring our con- 
stituents. 

These tornadoes didn’t check before they hit to see whether they 
were Republicans or Democrats. Frankly, partisan politics has no 
place in the discussion here and I think it is very, very important 
and encouraging, and I think hopeful people in this country are 
waiting to see us find an issue where we can work truly together 
on a bi-partisan, non-partisan basis and do the right thing for the 
people in this country. It’s not a Republican issue. It’s not a Demo- 
cratic issue. It’s a human issue and it’s a human tragedy when a 
storm like this strikes and destroys property and takes peoples’ 
lives. I have seen it in my district. 

I know you have seen it here. I know Lubbock, Texas, was hurt 
very, very badly several years ago as the Congressman said. 

I want to again thank you, Randy, for having this important 
hearing. I’d also like to thank the witnesses for sharing their ex- 
pertise here today and we look forward to your testimony and ask- 
ing you some questions. Thank you very much. 

[The prepared statement of Mr. Moore follows:] 

Prepared Statement of Representative Dennis Moore 

I would like to thank Representative Randy Neugebauer for inviting me here 
today to Texas Tech and for working with me for the past three Congresses on legis- 
lation on this topic and Representative Charlie Stenholm for getting the initial ear- 
mark that brought $3.8 million to the Texas Tech’s wind disaster research program 
in 1998. 

Five months after I took office in 1999, my hometown of Wichita, Kansas, was 
attacked by a F4 tornado, which plowed through the suburb of Haysville killing six, 
injuring 150, and causing over 140 million dollars in damage. The devastation of 
this attack motivated me to do something “about the weather” to paraphrase the 
old Mark Twain adage. 

I put together a piece of legislation modeled after NEHRP, the successful earth- 
quake research program begun over 30 years ago. My legislation’s goal is to mitigate 
loss of life and property due to wind and related hazards. 

I utilized comments from the American Society of Civil Engineers, the American 
Association of Home Builders, the insurance industry, meteorologists, emergency 
managers, academia, industry, and the manufactured housing associations to fine- 
tune the legislation. 

On May 4, 2003, almost four years to the day after the deadly 1999 Kansas and 
Oklahoma tornadoes, tornadoes touched down in metro Kansas City and the sur- 
rounding suburbs as well as in many of my Science Committee colleagues’ districts, 
destroying property, killing and injuring our constituents. 

These tornadoes did not check with Congress to see if they were hitting Repub- 
lican or Democratic districts, just hit both. This is not a Republican or a Democratic 
issue, it is a human issue — it is a human tragedy. These windstorms destroy lives; 
I have seen it in my own district and know many of my colleagues have seen it in 
theirs. 

Thank you again, Rep. Neugebauer, for having this important hearing and I 
would also like to thank the witnesses for sharing their expertise on this extremely 
important issue. 
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Mr. Neugebauer. Thank you. I am going to just briefly introduce 
the panel members to you today. From my left and going right, Dr. 
Ernst Kiesling, who is Professor of Civil Engineering at Texas Tech 
University. Dr. Kiesling has 37 years of teaching, research, and ad- 
ministrative experience at Texas Tech University, including serving 
as Chair of the Civil Engineering Department from 1969 to 1988. 
Dr. Kiesling was the first to develop an in-residence tornado shel- 
ter, providing occupant protection during tornadic events. The re- 
search provided the basis for the Federal Emergency Management 
Agency’s qualification on in-residence shelter design. 

Next we have Dr. Charles Meade. He is a senior physical sci- 
entist with the RAND Corporation of Science and Technology Pol- 
icy Institute in Washington, D.C. He is the primary author of “As- 
sessing Federal Research Development for Hazard Loss Reduction,” 
a piece prepared for the White House Office of Science and Tech- 
nology Policy in 2003. 

And then Dr. Bo Bienkiewicz. He is a Professor of Civil Engi- 
neering at Colorado State University Wind Engineering and Fluids 
Laboratory. Dr. Bienkiewicz is also the Vice-President of the Amer- 
ican Association of Wind Engineering, Secretary of the American 
Society of Civil Engineering Committee on Wind Effects, and Co- 
Chairman of the International Wind Engineering Forum. 

And finally Dr., I mean Mr. Bryan Shofner. He is President of 
Shofner & Associates Insurance Agency in Lubbock, Texas. Mr. 
Shofner was named Young Agent of the Year in 2001 by the Inde- 
pendent Insurance Agents of Texas. 

Mr. Shofner is also a long-time member of his local, state, and 
national independent insurance agent associations, including serv- 
ing as President of the Lubbock Association of Insurance Agents. 

As you know, the format is to give your opening testimony. We 
are not going to be real strict on the five minutes, but we would 
like to make those as brief as possible. Your full opening statement 
will be entered into the record. And then we would then open up 
for time for question and answer. Dr. Kiesling. 

STATEMENT OF DR. ERNST W. KIESLING, PROFESSOR OF 
CIVIL ENGINEERING, TEXAS TECH UNIVERSITY. 

Mr. Kiesling. Thank you for being here today and for your pur- 
pose in being here. I am privileged to be the spokesperson for the 
Wind Science and Engineering Research Program at Texas Tech. I 
am particularly honored to be standing in for Dr. Kishor Mehta, 
the long-time Director of the Center, who at this moment is in Asia 
delivering papers at an international wind conference. Otherwise, 
he would have been here. 

We have engaged in hazard mitigation activities since 1970 when 
the tornado that Congressman Neugebauer mentioned came to 
Lubbock, Texas. Improving buildings for wind resistance has been 
a major focus of our program throughout its history. Damage to 
buildings, especially houses, comprises a major segment of wind 
damage so much of my testimony will relate to that segment of the 
broad field of wind engineering, wind mitigation research. 

Our research in hazard mitigation has two major objectives — sav- 
ing lives and reducing economic losses. The reports and testimonies 
of other presenters at the table will define the nature and mag- 
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nitude of our growing vulnerability and discuss the status of re- 
search and development efforts. 

I will simply give a snapshot of the one productive hazard miti- 
gation program I am familiar with and list some of the opportuni- 
ties for further reducing our vulnerability. 

The collaborative efforts of a number of universities, most nota- 
bly Colorado State University with its NSF project, have made 
progress in a number of areas important to curbing the spiraling 
economic losses to windstorms. I think our major progress in haz- 
ard mitigation has been in damage documentation. We have docu- 
mented the damage in over 130 major storms now in this country 
and in Australia. 

Storm shelters, most commonly known as safe rooms, have gone 
from an inspiration to a concept, to utilization, to the establish- 
ment of an industry. We have come a long way in understanding 
wind characteristics through laboratory, full-scale tests, and field 
studies, as well as through observations. We have studied wind ef- 
fects on buildings in the laboratory and simulations using, for ex- 
ample, a C-130 aircraft. We have made observations in the field 
on the effects of winds. This played heavily in standards and code 
development, the ASCE 7, and we are currently involved with the 
International Code Counsel in developing a national consensus 
standard for storm shelters. We have been involved in technology 
transfer through publications, short courses, outreach, and heavily 
involved in education and inter-disciplinary education at the grad- 
uate level to produce graduates who understand the hazards and 
have potential solutions for meeting those challenges of the haz- 
ards. 

Yet some of these same areas represent the most fertile ones for 
the future. We do not have a very good understanding of fluc- 
tuating wind blows, particularly in tornadoes and perhaps not even 
in hurricanes. And then we need to simulate those fluctuating wind 
fields in the laboratory so that we can economically study the ef- 
fects of those winds. 

The knowledge of building resistance to wind loads is not well 
known. Progressive failures in the buildings when subjected to 
these fluctuating wind loads leave a lot of challenges for us. We 
continue to document damage, but we need to develop a consistent 
database to make those useful in calibrating wind loss damage 
models, verifying benefit to cost ratio in theories for improvements, 
developing uniform standards as a basis for building codes, and in- 
fluencing the attitudes and behaviors of people. 

I think the most effective mitigation actions will be taken when 
building owners perceive that benefits will be derived from invest- 
ments made in mitigation measures. They must be able to make 
well-informed decisions by having credible information available to 
them and the research community bears the responsibility for pro- 
viding that information. 

There are a number of barriers to progress. Obviously, the lim- 
ited funding, the access to mitigation funding, mitigation activities, 
is sometimes hindered by the, say, the strict limitations of funding 
agencies. That needs to be overcome and I think in writing legisla- 
tion, we can do that. 



13 


There are a number of other limitations, but let me get to the 
bottom line and say that I view our program here as having made 
considerable progress in producing some important initial results. 
A synergy has developed among researchers here and among col- 
laborating institutions. With modest funding we have conducted an 
applications-oriented research and development that has resulted 
in some improvements in making buildings more resistant to ex- 
treme winds. We believe the benefit to cost ratio is large for the 
investments made, but the significance of this program is not in 
the results obtained today, rather these results create a platform 
from which to launch further research and the program serves as 
an example of what can be accomplished through focused, sus- 
tained research and development efforts. 

The seemingly daunting challenges cannot be addressed effec- 
tively by a single institution or agency. To be effective in curbing 
spiraling wind damage losses we must have a coalition of diverse 
agencies and disciplines pursuing comprehensive, coordinated, mul- 
tidisciplinary research and development that is focused on the wind 
hazard and coupled to the implementation strategies. 

With such a focused effort, supported by adequate levels of sus- 
tained funding, we can expand the synergy of this small program 
to the national level and include multiple institutions and agencies 
to effectively pursue the goal of curbing economic losses from ex- 
treme winds. The American people will be the beneficiaries of in- 
vestments we make now. We are confident that the payoff will be 
significant with benefits to cost ratios uncommonly high for re- 
search efforts and I would simply say in closing that we really ap- 
preciate your support in the past and for considering the hazard 
mitigation effort in the future. Thank you. 

[The prepared statement of Mr. Kiesling follows:] 

Prepared Statement of Ernst W. Kiesling 

The Potential of Research 

The common interest that brings us together is curbing the spiraling losses in- 
flicted upon our country by windstorms. My presentation and report focus largely 
on one applied research program at Texas Tech University that has proven effective. 
This program has produced results that are being used by facilities designers to pro- 
vide occupant protection and to mitigate the effects of windstorms. The model’s im- 
portance lies not in what has been accomplished — albeit significant as a pioneering 
effort — but rather to reveal what might be achieved when this model is expanded 
from a synergistic labor of a few researchers to a focused, coordinated effort among 
many diverse teams working toward a common goal at several of our leading re- 
search and implementation institutions. 

Losses 

The death, destruction, and disruptions associated with windstorms are felt by all. 
And while consistent databases on damage and economic impacts are lacking, we 
can draw conclusions about the increasing devastation and waste of the windstorm 
hazard. For example, of the ten most costly catastrophes in the U.S., eight are 
weather-related. In the past 25 years, the U.S. has experienced 57 weather-related 
disasters in which damages exceeded $1 billion. The total normalized losses from 
these events totals over $355 billion. 
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Most Costly Catastrophes 



(Adjusted to 2002 dollars) 



Aug. 

1992 

Hurricane Andrew 

$19.9 bi 

ion 

Jan. 

1994 

Northridge Quake 

$15.2 bi 

ion 

Sep. 

1989 

Hurricane Hugo 

$6.1 bi 

ion 

Sep. 

1998 

Hurricane Georges 

$3.3 bi 

ion 

Sep. 

1965 

Hurricane Betsy 

$2.9 bi 

ion 

Jun. 

2001 

Tropical Storm Allison $2.5 bi 

ion 

Oct. 

1995 

Hurricane Opal 

$2.5 bi 

ion 

Mar. 

1993 

Winter Storms 

$2.2 bi 

ion 

Oct. 

1991 

Oakland, Ca. Fire 

$2.2 bi 

ion 

Apr. 

2001 

Tornado storm 

$2.2 bi 

ion 


Windstorms are prominent among natural hazards, accounting for about two- 
thirds of the total losses. The percent of insured losses shown in the pie chart are 
for the ten year period of 1985-95. Figures in this form are not available beyond 
1995. 

Population growth, urbanization, and increased property values in harm’s way 
will push future economic losses even higher. We can curb these losses through 
large-scale, coordinated, multi-disciplinary research connected to effective implemen- 
tation strategies. Such programs will, over time, have large benefit-to-cost ratios. 
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Past investments in research and technology have produced improved prediction 
and warning systems, reducing death and injuries resulting from windstorms. Bet- 
ter warnings have facilitated evacuations from hurricanes, moving people out of 
harm’s way. But population growth has made evacuation less viable in some re- 
gions, forcing an alternative strategy — sheltering in place. This is a good strategy 
for alleviating problems associated with evacuation, but will prove effective only if 
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a sufficient number of shelter spaces are available. Shelter deficits are large in some 
areas. Without protective shelters that can withstand extreme winds and windborne 
debris, large-scale casualties are likely, reversing the decreasing death rate of recent 
decades. Much research is needed toward economical and safe shelter design and 
cost-effective mitigation of property losses. 

National Research Needs 

Recent reports by various agencies help define the research needed to abate the 
windstorm hazard. Over the years, the National Research Council has published a 
number of useful reports that define the wind hazard and point to needed research. 
Most recently the RAND report, presented at this hearing by Charles Meade, clearly 
illuminates needed research and some challenges in implementation. The report of 
the American Association for Wind Engineering, prepared and presented by Dr. 
Bogusz Bienkiewicz, yields data emphasizing the importance of mitigation efforts 
and presents details of a proposed national program for mitigating the effects of 
windstorms. 

This report, presented by Texas Tech University, deals primarily with progress 
made in some research areas along with challenges and future opportunities for fur- 
ther research in those areas, and it shows some facilities that are available for con- 
tinued use by the research community. Technology transfer and education is a sig- 
nificant component of the ongoing effort at Texas Tech University. 

Windstorm Hazard Mitigation at Texas Tech: An Overview 

Windstorm hazard mitigation research and development started at Texas Tech 
University on May 11, 1970 when a severe tornado affected half the constructed fa- 
cilities of the city of Lubbock, killing 26 people and injuring more than 500. A team 
of researchers from the Civil Engineering Department at Texas Tech joined forces 
with a special committee of the National Research Council in documenting damage 
and destruction of buildings by wind forces of the tornado. Since 1970, university 
personnel have documented and archived damage photographs and other data in 
more than 130 windstorm events. 

The Institute for Disaster Research (IDR) organized and coordinated early pro- 
grams in windstorm hazard mitigation at Texas Tech. In the 1970s, the Institute 
pursued research in the destructive nature of tornado and hurricane winds on build- 
ings, enabling them to provide information to: 

• The National Weather Service — opening windows in tornadoes does not help 

• The Nuclear Regulatory Commission — credible size of windborne debris 

• The public — safest places in houses are in a small central room 

• School officials — inside hallways are the best areas to seek refuge; avoid large 
span gymnasiums. 



Under the sponsorship of the National Science Foundation (NSF), Defense Civil 
Preparedness Agency (currently FEMA), National Severe Storms Laboratory (NSSL) 
and the State of Texas, the Institute published papers, reports, and guidelines for 
occupant protection and engineering perspectives of tornadic storms. 

In the 1980s, with the change of our name to the Wind Engineering Research 
Center, personnel of the center continued research in wind effects on buildings and 
the implications of damage. Significant items of technology transfer included the up- 
grading of wind load standards (chaired the ANSI A 58.1 and ASCE 7 Wind Load 
Committees), defining consequences of window glass breakage due to windborne de- 
bris, and assessing high roof corner pressures obtained in field experiments. 

The research program expanded in the 1990s to include meteorology and damage 
economics; the Center changed its name to Wind Science and Engineering (WISE) 
Research Center in order to reflect the multidisciplinary approach into which it had 
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evolved. One of the significant research pursuits was the ten-year Cooperative Re- 
search in Wind Engineering between Colorado State University and Texas Tech 
University, which was funded by the National Science Foundation (NSF). This re- 
search effort was multidisciplinary and involved fifteen faculty members from the 
two institutions. The cooperative basic research permitted expansion of research in 
ground-level wind characteristics, wind damage economics, and wind tunnel and 
field studies for low-rise building loads. Technology transfer was accomplished for 
shelter design, leading to prescriptive designs for residential shelters, published by 
the Federal Emergency Management Agency (FEMA). Implementation of storm 
shelter (Safe Room) research resulted in the birth of the storm shelter industry and 
the formation of the National Storm Shelter Association (NSSA) who foster quality 
in the shelter industry. The Cooperative program also produced building damage 
prediction models through development of an expert system, established the Infor- 
mation Outreach Center, and graduated students well-versed in windstorm damage 
and mitigation. 

Multidisciplinary research in the WISE Center continues under the sponsorship 
of the National Institute of Standards and Technology (NIST) and other agencies 
and private organizations. Currently, faculty members in engineering, atmospheric 
science, economics, mathematics, and architecture are involved in wind-related re- 
search. The facilities of debris impact testing, field site (with a 200-meter tower) at 
Reese Technology Center, West Texas Mesonet, portable meteorological towers in- 
cluding the SMART radar, and a wind tunnel, permit us to continue our pursuit 
of research in wind effects on buildings and structures, windstorm damage econom- 
ics, wind characteristics in hurricanes and tornadoes, the economical design of shel- 
ters, soil erosion, and wind energy. 



Over the past three decades, WISE Center personnel have pursued collaborative 
wind research projects with agencies, organizations, and universities, including 
NIST, the National Science Foundation (NSF), the Federal Emergency Management 
Administration (FEMA), the National Oceanic and Atmosphere Agency (NOAA), 
Texas Department of Insurance, Colorado State University, University of Western 
Ontario, Johns Hopkins University, Clemson University, University of Florida, 
Texas A&M-Kingsville, and the University of Oklahoma. In the following, a syn- 
opsis of research areas of damage documentation, storm shelters, wind effects, 
standards and codes, wind characteristics, and technology transfer/education are 
given. The synopsis gives a brief description of the research followed by bulleted 
items of accomplishments and challenges. 

Damage Documentation 

Documentation of damage to buildings in Lubbock following the 1970 tornado and 
the comprehensive report that was published was the first step in Texas Tech’s 
gaining recognition and credibility in damage mitigation research. Damage docu- 
mentation studies have continued in most of the extreme wind events that have oc- 
curred since 1970. Over 130 documentations have been completed, and a large num- 
ber of photographs and reports have been archived. Information from the archive 
has been used extensively in seminars, publications, and outreach to the profes- 
sional design community. The library of the late Dr. Ted Fujita, noted scientist and 
researcher (originator of F-scale rating for tornadoes) at the University of Chicago, 
was recently donated to Texas Tech, further enriching this valuable resource. 

Lessons Learned 

• Central portion of building is the safest 

• Opening windows is counterproductive (impacted NWS instructions) 
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• Low-rise buildings of wood, masonry, light metal fail structurally 

• Cladding damage is common 

• Debris is abundant in urban areas 

• Costly business interruptions are common 

• Content damage is extensive 



Challenges / Opportunities 

• Collection of statistical data 

• Archiving cost data on consistent basis 

• Aerial and satellite imagery documentation 

• Developing accessible user-friendly data retrieval system 

Storm Shelters (Safe Rooms) 

Although the concept of the aboveground storm shelter emerged in the 1970s, 
widespread utilization followed the 1998 publication and distribution of FEMA Pub- 
lication 320, Taking Shelter from the Storm — Building a Safe Room Inside Your 
House. Soon to follow was FEMA Publication 361, Design and Construction Guid- 
ance for Community Shelters. Rapid growth of the shelter industry was stimulated 
by the incentive grant program in Oklahoma following the Oklahoma City tornadoes 
of 1999. Emerging quality issues in shelter construction led to formation of the Na- 
tional Storm Shelter Association and development of an industry standard (avail- 
able at www.NSSA.ee). The International Code Council is now developing a national 
consensus standard for storm shelters. Completion is expected in 2005. 
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Accomplishments 

• Developed designs with conservative wind loads 

• Bridged gap between research and implementation 

• Designed and built state-of-the-art debris impact facility 

• Provided design input to FEMA 320 and 361 publications 
Challenges / Opportunities 

• Optimize site-specific designs for economy 

• Foster quality in shelter construction - standards and codes 

• Reduce hurricane evacuation with in-home shelters 

• Change mindset of public for shelters 

• Define incentives to build shelters in existing and new buildings 

• Establish programs to fund shelter construction for low income people 

Wind Effects 

The windy environment in the Lubbock area has permitted us to establish the 
Wind Engineering Research Field Laboratory (WERFL). A full-size building and a 
meteorological tower permit measurement of wind pressure data in natural winds. 
The WERFL facility was an impetus to the pursuit of a cooperative program (funded 
by NSF) with Colorado State University, which tested the same building in their 
wind tunnel to improve testing technology. 

Innovative testing in the field using a C-130 Hercules aircraft permitted testing 
of full-size buildings in controlled high winds (gust up to 100 mph). Testing of real 
buildings to failure in fluctuating winds (not yet tested) will allow us to understand 
component resistances and progressive failure modes. This understanding leads to 
credible wind loss models. 
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Accomplishments 

• Developed unique WERFL for wind effects 

• Measured pressures from natural wind on a building 

• Pursued cooperative NSF-funded program with CSU 

• Assisted in improving wind tunnel technology 

• Tested full-scale building with C-130 prop wash 




Challenges / Opportunities 

• Make WERFL accessible to researchers worldwide 

• Develop facility to test full-size buildings to failure 

• Build testing facilities for frame and component resistances 

• Improve wind tunnel technology for component testing 
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Standards and Codes 

Accredited standards provide a foundation for building codes that establish expec- 
tations of quality in the constructed environment. Accurate data is fundamental to 
establishing reliable standards, forming the basis for codes and ultimately the de- 
sign of buildings. Consistency of codes, and hence the consolidation of model codes, 
is important to the design of safe economical buildings. Guidelines based on re- 
search permit professionals to design for situations that are beyond codes. 
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Accomplishments 

• ASCE 7 Standard is based on physics and scientific data 

• One wind load standard is developed for the country 

• Model codes are consolidated into one model code 

• Statewide building codes are being developed 

• ICC/NSSA Standard for storm shelters is being assembled 

• Safe areas in school guidelines have been developed 
Challenges / Opportunities 

• Calibrate prescriptive standards and codes 

• Develop performance-based standards 

• Develop risk management approach 

• Develop cost-benefit models for mitigation measures 

Wind Characteristics 

Knowledge of near-ground wind field in severe winds (hurricanes, thunderstorms, 
and tornadoes) and pressures and forces they impart on building components are 
essential to the design of safe economical buildings. The purpose of this knowledge 
is to simulate correct wind characteristics in wind tunnels. Current simulations of 
wind in wind tunnels do not reflect rapidly changing wind speeds in thunderstorms, 
downdrafts, or tornadoes or, to some extent, in hurricanes. Field measurements of 
wind in these storms, using stationary and protable towers, provide the necessary 
input to wind tunnels and, for the future, to computational fluid dynamics tech- 
nology. 
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Accomplishments 

• Measured ground-level wind characteristics in land-falling hurricanes 

• Measured time and space correlation of winds in thunderstorms outflow 

• Developed (preliminary) laboratory tornado simulator 

• Performed initial experiments for downdraft effects on building 
Challenges / Opportunities 

• Develop credible laboratory model of tornado 

• Establish wind characteristic criteria for thunderstorm, tornado, and hurri- 
cane storms 

• Develop wind tunnel that can simulate rapidly changing winds 

Technology Transfer/Education 

Research results become useful and valuable when they are implemented to im- 
prove the built environment or when they are used to influence human behavior and 
policy decisions. Information and outreach programs help to transfer technology to 
professionals and the public at large. We are only beginning to educate college and 
K-12 students to understand the perils of the wind hazard. The windstorm poses 
complex problems, and an interdisciplinary approach to approach to develop mitiga- 
tion strategies and their implementation is needed. 
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Accomplishments 

• ASCE continuing education courses are presented 

• Seminars for professionals are presented 

• Preview model for HAZUS (FEMA) has been developed 

• A limited number of university graduates are being produced 
Challenges / Opportunities 

• Provide information for public, emergency personnel, and decision makers 

• Produce graduates and professionals versed in windstorm disasters 

• Complete FEMA/HAZUS model for the wind hazard 

• Develop and Implement Interdisciplinary educational program 
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February 5, 2004 

The Honorable Sherwood Boehlert 
Chairman, Science Committee 
2320 Rayburn Office Building 
Washington, DC 20515 

Dear Congressman Boehlert: 

Thank you for the invitation to testify before the U.S. House of Representatives Committee on 
Science on February 9 th for the hearing entitled Strengthening Windstorm Hazard Mitigation: 
An Examination of Public and Private Efforts. In accordance with the Rules Governing 
Testimony, this letter serves as formal notice of the Federal funding 1 currently receive in 
support of my research. 

The project entitled Windstorm Mitigation Initiative funded by the National Institute for 
Standards and Technology (Contract Number 70NAB3H5003 with Texas Tech University) has 
current year funding of $2.6 million. This project is in its sixth year. I serve as Principal 
Investigator for Task RT - A/D, Building Performance and Shelters, with a fiscal year budget 
of $358,160. 

During the period October - November 2003, 1 presented three seminars in Kansas for 
personnel of the U.S. Department of Housing and Urban Development. The subject was 
construction of storm shelters in low-cost housing. I worked under a contract with ICF 
Consulting, Contract Number 021228.0.106.07 The total payment was $7,218.69. 

Please contact me if additional information is needed. I look forward to the hearing. 


Sincerely, 

jrrp/l 'UjtfuO&Mf 


Ernst W. Kiesling, P.E., Ph.D. 
Professor 
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Mr. Neugebauer. Thank you. 

Dr. Meade. 

STATEMENT OF DR. CHARLES MEADE, SENIOR PHYSICAL 
SCIENTIST, RAND CORPORATION 

Dr. Meade. Thank you, Mr. Chairman. I am pleased to be here 
today to discuss the research and findings from the recent RAND 
report, “Assessing Federal Research and Development for Hazard 
Loss Reduction.” This work, as you note, was carried out at the re- 
quest of the White House Office of Science and Technology Policy 
to help formulate a better understanding of the role of our govern- 
ment-sponsored R&D in the Nation’s efforts to reduce hazard losses 
and so it is topical to today’s hearing. 

Quickly, the principal findings of our studies were considering 
the entire R&D portfolio that contributes to hazard loss reduction. 
Explicit hazard loss reduction programs, such as the one you are 
considering today, are absolutely the smallest component of the 
federal R&D portfolio. Secondly, the largest fraction of R&D spend- 
ing supports work on weather hazards and broadly related research 
on climatology, atmospheric science, and oceanography. And third- 
ly, much of the R&D spending supports short-term prediction capa- 
bilities, specifically largely in the area of weather forecasting. 

With this background, my following remarks will address the 
community’s questions for this hearing, starting with number one: 
Is the United States growing more or less vulnerable to damage 
from wind hazards and why? The U.S. is growing more vulnerable 
to wind hazards because of two trends. First, increasing develop- 
ment near the Atlantic and Gulf coast has created large popu- 
lations and infrastructures that are increasingly vulnerable to hur- 
ricane. Data on insured losses from the insurance industry provide 
a stark measure of this increasing vulnerability. The average an- 
nual loss from hurricanes from 1944 to 1988 was $1.1 billion per 
year. That is insured losses. From 1988 to 1999 this value rose to 
four times that level, to an average of roughly $4.2 billion per year. 

The second component that is increasing the vulnerability is as- 
sociated with the increasing prevalence of manufactured homes in 
the central part of the United States, where we are today, which 
is susceptible to tornadoes. 

Because these structures have only minimal wind resistance and 
no basements, the injury rate is estimated to be 20 times higher 
than that for conventional homes during high winds. 

The most important feature for both of these vulnerabilities is 
that they could be reduced through appropriate R&D efforts such 
as you’re considering today. 

For example, a better understanding of hurricane wind fields 
after landfall or improved design and engineering of manufactured 
homes so they are also more resistant to wind hazards. 

For the second question you ask: Approximately how much 
money is the Federal Government going to spend per year on wind 
hazard mitigation research and development? Answers to this 
question depend on analysis of two subsidiary questions, both of 
which were considered in detail in the RAND study. Specifically, 
what is the definition of government research and development 
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spending and what are the characteristics of R&D for wind hazard 
mitigation. 

On the first issue we utilized RAND’s RaDiUS database which 
details R&D spending across the Federal Government as defined 
and classified by the OMB. So we used the OMB definition for 
R&D dollars. 

In the second issue we examined all federally-funded R&D ap- 
plied to natural hazards and they considered contributions explic- 
itly to wind hazard loss reduction. Considering the purposes of this 
hearing, they differentiated R&D expenditures that support im- 
proved engineering designs of structures and those that are focused 
largely on meteorological applications and weather forecasting. 
With this framework, R&D expenditures addressed to infrastruc- 
ture losses were approximately $11 million in FY 2001. By com- 
parison, expenditures for meteorological R&D in weather fore- 
casting were almost 70 times larger, at roughly $755 million. 

Considering those loss mitigations, this allegation is problematic 
because the short-term view of forecasts made only limited con- 
tributions to loss reduction. Specifically, forecasts are surely very 
valuable for evacuations and saving lives, but they do very little to 
limit the destruction of property in the long-term and larger sense, 
and losses that occurred during wind hazards. 

To address this discrepancy, we restate here and now the policy 
recommendations that were stated in our RAND report: Number 
one, there was a need to increase focus. We weigh R&D activities 
away from short-term prediction efforts and toward the long-term 
loss reduction goals. 

Number two, increase the focus on technologies and information 
that will reduce infrastructure losses. And three, establish a com- 
prehensive national loss database that can be used as a guidepost 
for R&D strategies. And four, utilize loss modeling to identify es- 
sential R&D topics. 

In fact, you may ask, how much damage do wind hazards do in 
the United States each year? To that we respond, even though 
wind hazards are detailed in the media and they trigger large gov- 
ernment relief efforts, we actually have only a limited under- 
standing of the actual loss levels and how they vary from year to 
year. 

Lack of accurate loss data can be traced to a number of factors. 
First, most of the data on wind and hazard losses are actually 
never collected or analyzed. Two, wind losses are driven by the cli- 
mate, which is extremely variable from year to year. Three, in 
many cases it is difficult to identify unique wind losses as opposed 
to say flood losses, which may occur at the same time. Our vulner- 
ability to wind losses is increasing, as I discussed previously. And 
finally, there are ambiguities in the way that wind and hazard 
losses are characterized from an economic standpoint. We talked 
about that at lunch, as I recall. 

Considering the above factors, the current understanding of wind 
losses has been derived from a range of sources with widely vary- 
ing analytic techniques and they really can only be considered esti- 
mates rather than any kind of measurements. 

And so with that background and using the data in our own 
study, we would estimate that the value for wind related losses 
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currently in the United States is on the average of approximately 
$7 billion per year. But I would emphasize that that’s a highly un- 
certain number and a central recommendation of the RAND study 
was to emphasize the need to improve the accuracy of these data 
to provide better guideposts for federal R&D policy related to nat- 
ural hazards. 

With that I close and I appreciate the opportunity to be here 
today. 

[The prepared statement of Dr. Meade follows:] 

Prepared Statement of Charles Meade 

Mr. Chairman: I am pleased to be here to day to discuss the research and findings 
from the recent RAND report “Assessing Federal Research and Development for 
Hazard Loss Reduction.” This work was carried out at the request of the Office of 
Science and Technology Policy to help formulate a better understanding of the role 
of government-sponsored R&D in the Nation’s efforts to reduce hazard losses. For 
this task, RAND conducted an analysis of the full range of federal R&D expendi- 
tures guided by the following questions: 

• What is the distribution of federal R&D funding across various types of haz- 
ards? 

• What types of research activities are supported by federal funding? 

• What criteria determine the allocation of these funds? 

• How do these R&D efforts contribute to hazard loss reduction? 

With this approach we carried out an analysis to determine whether there are 
holes or imbalances in the federal R&D portfolio and whether key areas are being 
overlooked. We used the results of our analysis to develop a policy framework that 
will help in future attempts to assess the “payoffs” of various kinds of R&D, includ- 
ing which efforts offer the greatest potential for reducing hazard losses. Finally, we 
considered the larger issues about the demands placed on R&D to “solve” the prob- 
lem of hazard losses. Ultimately, we offered suggestions for new ways to frame ex- 
pectations and demands for R&D in addressing the problem of hazard losses. 

The RAND study was motivated by the problem of rapidly growing economic 
losses from natural hazards. While the United States has experienced a decline in 
the numbers of lives lost due to earthquakes, hurricanes, floods, tornadoes, and 
droughts, over the past few decades, the associated costs of natural disasters esca- 
lated dramatically over the same period. Between 1978 and 1989, the Federal Emer- 
gency Management Agency (FEMA) paid out about $7 billion in disaster relief 
funds. In the next dozen years, however, payouts increased almost fivefold, to over 
$39 billion. 

The primary cause for the rise appears to be growing population in vulnerable 
areas. Demographic changes, most dramatically, the mass human migration to 
coastal and other high-risk areas, have made disasters increasingly costly events. 
At the same time, increasing concentrations of people and property have escalated 
the complexity of the Nation’s infrastructure — public utilities, critical facilities, 
transportation systems, communications networks, and the built environment. As 
the density of the infrastructure increases, particularly in urban areas, the potential 
losses from natural hazards become greater still. 

Because of the heavy financial burden imposed by losses across all sectors of the 
economy, pressure on the Federal Government to act quickly and effectively to 
“solve” the problem has been growing. With this motivation, the federal strategy to 
address the hazard loss problem takes many forms, from providing disaster relief 
to assisting in the regulation of private insurance to encouraging mitigation efforts 
through various incentives. A key weapon in the Federal Government’s arsenal is 
its support of research and development (R&D). Specifically, it funds work carried 
out by the research community to improve understanding of, preparation for, and 
response to hazards and their impacts. 

To answer the questions posed by OSTP, we needed a clear view of hazard loss 
reduction efforts in the federal R&D portfolio. We therefore conducted an analysis 
of the federal R&D portfolio for a particular year, FY 2001. Our objective was to 
identify R&D expenditures that support the goals of reducing losses from natural 
hazards such as floods, hurricanes, earthquakes, and wildfires. Because the federal 
budget does not have a separate R&D budget, much less one focused solely on haz- 
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ard loss, we had to develop a set of detailed criteria to identify hazard loss R&D 
activities within larger research programs across the Federal Government. 

Our data sources were RAND’s RaDiUS database and other sources of federal 
budget information. (RaDiUS stands for research and development in the United 
States and it includes all federally funded R&D expenditures.) The RaDiUS data- 
base details all federal R&D funding as determined by computer records from the 
Office of Management and Budget (OMB). We also looked at individual agency 
budget requests, as well as annual R&D reports generated by the Office of the Fed- 
eral Coordinator for Meteorology, which encompasses the broad range of weather- 
related federal programs. 

Using these sources, we were able to analyze funding from a number of perspec- 
tives, quantifying expenditures by agency, hazard type, and program goals. Our key 
findings were as follows: 

• Explicit hazard loss reduction programs receive the least funding. Programs 
dedicated solely to hazard loss reduction R&D receive the smallest share of 
R&D funds. The largest fraction goes to basic and applied research programs 
at the National Science Foundation (NSF), the National Oceanic and Atmos- 
pheric Administration (NOAA), and the National Aeronautics and Space Ad- 
ministration (NASA). The second largest category is operational support 
R&D, focused almost exclusively on weather-related hazards. 

• The largest fraction of R&D spending supports work on weather hazards and 
broadly related research on climatology, atmospheric science, and oceanog- 
raphy. The second largest category of R&D funding — a distant second — is re- 
search on earthquakes. While losses from weather-related hazards are esti- 
mated to be approximately twice as large as those from earthquakes, the allo- 
cation of R&D funds between these categories differs by more than a factor 
of 10. 

• Much of the R&D spending supports short-term prediction capabilities. Closer 
examination of the funding for weather-related hazard R&D shows that most 
of the effort is focused on short-term prediction efforts, which have limited 
loss reduction potential within the full range of losses from natural hazards. 
Prediction can generally move individuals out of harm’s way, but R&D fo- 
cused on long-term loss reduction strategies could improve the resilience of 
communities and infrastructure, protecting lives and property in a far more 
substantial way. 

This emphasis on weather-related hazards and prediction means that other areas 
of hazard R&D receive comparatively less attention. However, decisionmaking in 
this policy environment is difficult. Despite its investments in hazard loss reduction 
R&D, the government has yet to establish the essential framework that would en- 
able these efforts to operate efficiently and show their own merit. Developing a more 
thoughtful strategy for funding allocation depends on the ability to accurately deter- 
mine the losses resulting from hazards and the losses prevented or reduced by R&D 
efforts. In turn, it also depends on the willingness of individuals and communities 
to implement measures designed to reduce hazard losses. In other words, decision- 
makers face both quantitative and qualitative challenges in seeking to strengthen 
the effectiveness of federal hazard loss R&D efforts. 

First and foremost among these challenges is the lack of detailed data on losses 
from natural hazards. (This quantitative gap has been identified and examined in 
a number of previous policy studies.) Without such data, it is impossible to gauge 
either the effectiveness of new R&D strategies or their ultimate payoff in terms of 
losses prevented. Detailed loss data would go a long way toward enabling a more 
cost-effective distribution of R&D funds. 

From a qualitative standpoint, perhaps the most daunting obstacle policymakers 
face is human nature. Human behavior ultimately controls the scale of disaster 
losses and thus exerts a major force on R&D policy decisions for hazard loss reduc- 
tion. While R&D provides useful technical information, its effectiveness is deter- 
mined by human decisionmaking on issues such as whether to evacuate, where to 
locate new construction, and whether to implement known mitigation measures in 
existing communities. 

With this background, my following remarks address the Committee’s questions 
for this hearing. 

1) Is the United States growing more or less vulnerable to damage from 
wind hazards, and why? What are some of the top opportunities for, and 
primary barriers to, reducing these vulnerabilities? 

The U.S. has grown more vulnerable to wind hazards because of two trends. 
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First, increasing development near the Atlantic and Gulf coast has created large 
populations and infrastructures that are vulnerable to hurricanes. The impact of 
this development is clearly indicated in the historical trend of insurance payouts for 
U.S. hurricane losses (see Figure 1). Starting in the early 1980’s, the data show in- 
creasing losses with time, with an extremely large peak in 1992, associated with 
Hurricane Andrew. Today, almost all hurricane warnings require huge evacuations 
with attendant logistical problems and economic losses. In 1999, warnings for Hurri- 
cane Floyd resulted in the largest peacetime evacuation in the United States as 
three million residents along the Atlantic coast moved inland from Florida to North 
Carolina. 



Year 


Figure 1 U.S. Hurricane Losses (1915-2000) 


Data on insured hurricane losses, from the insurance industry, provide a stark 
measure of the increasing vulnerability. From 1949 to 1999, catastrophic hurricanes 
in the United States caused direct insured property losses totaling $37.9 billion — 
or an average of $743 million per year. To allow comparisons over long time periods, 
the insurance industry adjusts these values accounting for inflation, population 
growth, and changes in real tangible wealth. On this basis, the average annual loss 
from 1944 to 1988 was $1.1 billion. From 1988 to 1999, the values were almost 4 
times larger ($4.2 billion). A portion of the increase was driven by the payouts from 
Hurricane Andrew, which was the largest insured property loss from a natural dis- 
aster in U.S. history. Even if one excludes the losses from Andrew, the payouts are 
almost double the historical trends, suggesting that the increased payouts reflect in- 
creasing vulnerability in addition to any fluctuations in hurricane frequency. 

The second trend is associated with the prevalence of manufactured housing in 
the central part of the United States, which is susceptible to tornadoes. Because 
these structures have only minimal wind resistance, and no basements, the injury 
rate is extremely high for occupants during high winds. Analyzing historical data, 
researchers at the National Oceanographic and Atmospheric Administration esti- 
mate that the tornado death rate is approximately 20 times higher for residents of 
manufactured housing compared to conventional structures. In the Midwest, manu- 
factured housing represents approximately 10 percent of current construction. 

The most important feature of these vulnerabilities is that they could be reduced 
through appropriate R&D efforts. For example, better understanding of hurricane 
wind fields after landfall could be used for improved design and engineering of 
coastal structures. And experiments and testing of manufactured housing could be 
used to design more resilient homes. 

2) Approximately how much money does the Federal Government spend 
per year on wind hazard mitigation research and development? Where 
is this effort currently focused (i.e., direct vs. indirect research, engi- 
neering, economic, meteorological, etc.)? How could the federal wind 
hazard research and development portfolio be refocused or otherwise 
strengthened to improve mitigation in the United States? 
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Answers to these questions are contingent on the analysis of two subsidiary 
issues, both of which were considered in detail in the RAND study, Assessing Fed- 
eral Research and Development for Hazard Loss Reduction. 

1) What is the definition of government “research and development” spending? 

2) What are the characteristics of R&D for “wind hazard mitigation”? 

For the first issue, we utilized RAND’s RaDiUS database which details R&D 
spending across the Federal Government, as defined and classified by the Office of 
Management and Budget. The OMB definition for research and development is “cre- 
ative work undertaken on a systematic basis in order to increase the stock of knowl- 
edge, including knowledge of man, culture and society, and the use of this stock of 
knowledge to devise new applications” (OMB Circular A-ll). Excluded from this 
category are product testing, quality control, mapping, the collection of general-pur- 
pose statistics, experimental production, routine monitoring and evaluation of an 
operational program, and the training of scientific and technical personnel. This def- 
inition, however, is open to the interpretations of numerous individuals at a wide 
range of government agencies. OMB permits individual agencies a degree of liberty 
in determining which activities should be considered R&D, allowing each agency to 
use its own long-standing definition of R&D when reporting such activities to OMB. 
As a result, the activities that the Department of Interior considers R&D may not 
be classified as such by the National Science Foundation, whose definition of R&D 
appears more tightly tied to basic laboratory science. 

For the second issue, we examined all federally funded R&D applied to natural 
hazards, and we considered the contributions to hazard loss reduction. For FY 2001, 
this analysis found that approximately 90 percent of all R&D funds address weath- 
er-related hazards, which includes wind, flooding, extreme temperatures, drought, 
and large storms. Within this category, most of the funding supports short-term 
forecasting efforts (e.g., weather prediction, hurricane tracking, etc.). 

Considering the goals of loss mitigation, this allocation is problematic because 
short-term forecasts only make limited contributions to loss reduction. Specifically, 
forecasts are most useful for evacuations (thereby saving lives), but they do very lit- 
tle to limit the destruction of property. Reducing these losses requires longer-term 
efforts, involving improved engineering, design, and planning for infrastructure con- 
struction. 

Considering the purposes of this hearing, we differentiate R&D expenditures that 
support improved engineering and design of structures from those that are focused 
largely on meteorological applications and weather forecasting (see table below). Ac- 
tivities in the first category largely include wind engineering research, supported by 
the National Science Foundation and the National Institute for Standards and Tech- 
nology. By comparison, the meteorological category encompasses a huge range of 
basic and applied research on the nature of the global climate system. 

Agency R&D Funding for Wind Hazard Mitigation (FY 2001, thousands $) 


| Infrastructure Losses | 

NSF 

2,647 

NIST 

8,387 

Subtotal 

11,034 

| Meteorological Applications j 

NOAA 

272,297 

NSF 

254,594 

NASA 

198,650 

DOT 

30,341 

Subtotal 

755,882 


With this framework, R&D expenditures addressed to infrastructure losses were 
$11,034,000 in FY 2001. By comparison, expenditures for meteorological R&D were 
almost 70 times larger ($755 million). 

The difference in funding between infrastructure and meteorological R&D for 
wind hazards is consistent with one of the principal findings from the RAND study 
applied to all R&D on natural hazards. Specifically: 
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• Much of the R&D spending supports short-term prediction capabilities. Closer 
examination of the funding for weather-related hazard R&D shows that most 
of the effort is focused on short-term prediction efforts, which have limited 
loss reduction potential within the full range of losses from natural hazards. 
Prediction can generally move individuals out of harm’s way, but R&D fo- 
cused on long-term loss reduction strategies could improve the resilience of 
communities and infrastructure, protecting lives and property in a far more 
substantial way. 

Because the policy recommendations from the RAND study were directed 
to this problem, we restate them here as a strategic framework for consid- 
ering new R&D initiatives for wind hazards. Specifically, the government 
needs to address these issues to ensure that new R&D efforts make a mean- 
ingful contribution to loss reduction for wind hazards. 

• Establish a comprehensive national loss database. Data on hazard losses are 
central for a host of concerns, including prioritizing R&D efforts, planning 
budgets for states and localities, developing contingency operations, and con- 
ducting cost-benefit analyses for specific measures that will allow policy- 
makers to see the relative value of various R&D efforts and will help citizens 
to understand the value of implementing long-term mitigation procedures. 

• Utilize loss modeling to identify essential R&D. Loss modeling, which simu- 
lates the impacts of potential disasters, can help determine which hazards 
generate the greatest avoidable losses, the effects of mitigation steps on loss 
totals, the time scale for losses, and the budget needs for vulnerable regions 
to prepare for a prospective hazard. These models hold great promise for 
prioritizing research needs by weighing the costs and benefits of various miti- 
gation measures against the estimated losses from specific hazards. 

• Re-orient R&D activities toward longer-term loss reduction efforts. A shift to 
longer-term, less prediction-oriented efforts holds great potential for reducing 
losses. The development of technologies to strengthen the built environment 
can save lives, protect property, and dramatically reduce the costs of rebuild- 
ing after a disaster. 

• Increase the focus on technologies and information that will reduce infrastruc- 
ture losses. Damage to infrastructure — e.g., buildings, public roads and high- 
ways, bridges, water and sewer treatment plants, and emergency services — 
results in casualties as well as extensive economic losses. The development 
of improved technologies and information systems can help limit such losses. 
For instance, greater R&D focus on funding for communications and remote 
sensing capabilities, geographic information and global positioning systems 
(GPSs), and modeling and simulation techniques should lead to considerable 
damage reduction. 

3) According to National Weather Service estimates, how much damage do 
wind hazards cause in the United States each year? How are these num- 
bers compiled? 

Each year, the United States suffers significant losses from wind hazards. In the 
spring, tornadoes wreak havoc in the Midwest. In the summer and fall, hurricanes 
come ashore, damaging coastal and inland communities. In the case of Isabel in 
September 2003, this included massive blackouts in cities hundreds of miles from 
the point of landfall. 

Even though these events are detailed in the media, and they trigger large gov- 
ernment relief efforts, we have only a limited understanding of the actual loss levels 
and how they vary with time. In this respect the problem of quantifying wind losses 
is a component of the larger challenge of quantifying losses from all natural hazards 

The lack of accurate loss data and the implications for public policy have been 
noted in a number of recent studies from the National Academy of Sciences, the 
Heinz Center for Environment and Public Policy, and RAND. The origin of the prob- 
lem can be traced to a number of factors: 

• Most of the data on wind and hazard losses are never collected or 
analyzed. 

The largest collection of data on wind losses is maintained by the Property 
Claims Service (PCS), which tracks insurance industry payouts to policy- 
holders following a disaster. While this is a valuable resource for under- 
standing insurance industry losses, it is certainly not a complete picture of 
wind losses in the United States. Moreover, the database is only available to 
professionals in the insurance industry. Additional unmeasured components 
of wind losses occur in the following categories: 
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Federal: A number of agencies provide disaster relief, but there is no cen- 
tralized recording of these expenditures. 

Private charities: Organizations such as the Red Cross provide vital relief 
services, using donated and internal resources. 

State and municipal governments: These governments incur disaster losses 
in a number of forms, including relief payouts, overtime for emergency 
workers, and damage to municipal facilities. 

Individuals and private companies: These entities suffer losses which are 
unmeasured and uncompensated by the above sources. 

• Wind losses are driven by the climate, which is extremely variable 
from year to year. 

As a result, the level of wind losses can vary tremendously from year to year. 
However, the origins of the variability are complex. Part of the problem is 
driven by inter-annual climate fluctuations, which produce large variations in 
the number of windstorms. For example, over the past 90 years, the annual 
number of hurricanes making landfall on the United States has ranged from 
8 to 0. By comparison, the annual number of reported tornadoes has ranged 
from approximately 500 to 1500 over the past 50 years. However, these 
changes only explain part of the loss variations, because the loss levels are 
also driven by event magnitudes and locations, which are uncorrelated with 
the number of storms in a given year. Hurricane Andrew emphasized this 
problem in 1992. The hurricane resulted in the largest insurance payments 
for any natural disaster in the United States ($15.5 billion), yet it occurred 
in a year with only an average number of storms. 

• In many cases, it is difficult to identify unique “wind” losses. 

Except for tornadoes, most wind hazards are accompanied by large amounts 
of precipitation (rain, snow, hail), which complicates the process of deter- 
mining causes of the resulting damage. For example, wind may blow a tree 
over, but only because rain has softened the ground. Hurricanes are usually 
accompanied by large amounts of flooding and water damage. And hail may 
be especially damaging because it hits objects with high wind velocities. Even 
the detailed Property Claims Service loss database does not distinguish the 
different origins for these wind-related losses. 

• Our vulnerability to wind hazards is increasing. 

As a result, trends in wind losses are strongly influenced by societal decisions 
regarding the design and location for new infrastructure. These issues are 
discussed in greater in response to Question 1. 

• There are ambiguities in the way that wind and hazard losses are 
characterized. 

While losses are usually reported as an aggregate number, it is important to 
distinguish the types of losses in an economic context. At the top level, the 
most important distinctions are between “direct” and “indirect” losses. The 
first category refers to losses that are directly associated with the damage 
(e.g., a house that is destroyed by a tornado), while the second involves the 
secondary effects of a disaster (e.g., someone looses his job because the dis- 
aster impacted his employer). From a measurement standpoint, the direct 
losses are much easier to quantify, and they only occur around the time of 
disaster. In contrast, indirect losses are somewhat subjective, and they are 
spread out in time, as the impacts of a disaster ripples through the economy. 
Although they are rarely discussed, benefits offset some of these losses (e.g., 
economic benefits of rebuilding damaged infrastructure). Considering all of 
these loss categories, the clearly are challenges to making an accurate and 
complete measurement of the losses for a particular hazard. 

Considering the above factors, the current understanding of wind losses has been 
derived from a range of sources, with widely varying analytic techniques. As such, 
the results of this work are presented as estimates, rather than measurements of 
hazard losses. At this level of detail, the estimates cannot be used to assess the ef- 
fectiveness of different R&D strategies. However, they do provide a top-level descrip- 
tion of the loss magnitudes and the variation among different types of hazards. With 
this background, the estimated annualized losses for wind related hazards, from a 
variety of sources, are presented in the following table. 
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Estimated Annual) 

zed Losses For Wind-Related Hazards 

Hazard 

Estimated Annualized Loss ($ Billions) 

Hurricanes 

5.0 

Winter storms 

0.3 

Tornadoes 

1.0 

Hail 

0.7 

Total 

7.0 


A central recommendation of the RAND study emphasized the need to improve 
the accuracy of these data to provide better guideposts for federal R&D policy re- 
lated to natural hazards. 

I appreciate the opportunity to be here today. 

This product is part of the RAND Corporation testimony series. RAND testi- 
monies record testimony presented by RAND associates to federal, State, or local 
legislative committees; government-appointed commissions and panels; and private 
review and oversight bodies. The RAND Corporation is a nonprofit research organi- 
zation providing objective analysis and effective solutions that address the chal- 
lenges facing the public and private sectors around the world. RAND’s publications 
do not necessarily reflect the opinions of its research clients and sponsors. 

Biography for Charles Meade 

Charles Meade, Ph.D., is a Senior Scientist with the RAND Corporation. His re- 
search focuses on risk management for catastrophic threats such as, natural disas- 
ters, terrorism and nuclear proliferation. For the White House Office of Science and 
Technology Policy, Dr. Meade carried out a comprehensive analysis of R&D focused 
on natural disasters, and he recently led a terrorism risk reduction study for the 
largest worldwide banking consortium. In the past 18 months, Dr. Meade’s research 
contributed to the work of the high-level Gilmore Commission, the National Re- 
sponse Plan promulgated by the Secretary of Homeland Security, and the White 
House review of critical infrastructure protection strategies. Previously, he led a 
large study for General Shalikashvili on U.S. efforts to reduce threats from nuclear 
proliferation. He also performed a comprehensive analysis of seismic mitigation 
strategies for all California hospitals, as mandated by state seismic safety laws. 
From 1995 to 1997, Dr. Meade served at the National Research Council of the U.S. 
National Academy of Sciences where he directed policy studies in the Earth 
Sciences. From 1990-1995, he was a scientist at the Carnegie Institution of Wash- 
ington where he led a research program in experimental geophysics. Dr. Meade is 
the author of 42 peer-reviewed research publications, nine policy studies published 
by the National Academy of Sciences, an edited book on the Comprehensive Nuclear 
Test Ban Treaty, and a syndicated op-ed on warnings for terrorist threats. He re- 
ceived a Ph.D. in Geology (1990) and a B.S. in Political Economy (1983) from the 
University of California, Berkeley. 

Mr. Neugebauer. Thank you, Dr. Meade. 

Dr. Bienkiewicz. 

STATEMENT OF DR. BOGUSZ BIENKIEWICZ, PROFESSOR, DE- 
PARTMENT OF CIVIL ENGINEERING, COLORADO STATE UNI- 
VERSITY 

Dr. Bienkiewicz. Thank you, Mr. Chairman. I very much appre- 
ciate the opportunity to be in front of this committee. My testimony 
covers the following topics: First, a brief overview of research car- 
ried out at Colorado State University. Second, a brief discussion of 
windstorm damage in the United States. And third, discussion of 
a proposal for the establishment of a National Wind Hazards Re- 
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duction Program. These topics are addressed in some detail in my 
written testimony and more details I have provided with the report 

I have attached with the testimony. I present brief highlights of 
some of the topics. 

First, I will present a brief overview of wind engineering re- 
search at Wind Engineering and Fluids Laboratory at Colorado 
State University. For over 40 years this laboratory has been the 
center of excellence for fundamental and applied research in wind 
engineering and fluid dynamics. The core of this laboratory is three 
large boundary-layer wind tunnels that allow for realistic modeling 
of atmospheric boundary layer flows. One of the early long-term re- 
search programs carried out in our laboratories in the 60’s was 
modeling and assessment of dispersion of chemical agents released 
from various sources under various atmospheric conditions. Post-9/ 

II concerns regarding potential intentional release of chemical, bio- 
logical, or radiological agents in urban, suburban, and rural set- 
tings led to renewed interest in any capabilities existing in our lab- 
oratory. 

A significant number of investigations carried out at our labora- 
tory addressed wind effects on buildings and structures and mitiga- 
tion measures to minimize these effects. Wind engineering studies 
included landmark buildings such as World Trade Center, Sears 
Tower, and support facilities for Space Shuttle Operation Center at 
Cape Canaveral. Also we looked at other structures, including long- 
span bridges, roofs, slender towers, stacks and others. In addition, 
research included environmental assessment of sitings of fossil and 
nuclear power plants and renewable energy installations. Deter- 
mination and mitigation of wind effects on low-rise buildings and 
building components has been the main thrust of R&D carried out 
at our laboratory in recent years. In 1990 a majority of these activi- 
ties were carried out within the framework of the Cooperative Pro- 
gram in Wind Engineering involving faculty and students from 
Texas Tech and from Colorado State University. 

Now we turn our attention to the issue of the impact of wind- 
storm hazards in the United States. Hurricanes, tornadoes, thun- 
derstorms, and associated phenomena cause an excessive level of 
property losses and human suffering in the United States. The av- 
erage annual financial loss due to this, however, is difficult to state 
with precision, but it exceeds $6 billion. A single large hurricane 
could cause losses far in excess of the $25 billion attributed to Hur- 
ricane Andrew in 1992. 

As the result of public and private efforts a number of wind haz- 
ard mitigation measures have been developed over the years and 
put into practice in coastal areas and in other regions. These meas- 
ures led to significant reduction in fatalities attributed to wind haz- 
ards; however, they did not result in reversing a lot of material and 
business losses and ultimately, therefore, it is needed to address 
this issue. 

These issues are discussed in more detail in my testimony and 
in the attached report. Arguments presented by the documents 
show that a coordinated, comprehensive, and long-term effort 
would be necessary to achieve significant reduction in property 
damage due to wind hazards in the U.S. within the next 10 to 20 
years. It is proposed that such an effort be undertaken within the 
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framework of a federal program, the Wind Hazards Reduction Pro- 
gram. 

The proposed concept of the National Wind Hazards Reduction 
Program builds on lessons learned from the 25-year experience 
with the National Earthquake Hazards Reduction Program. The re- 
search and outreach plan proposed for this program is an adapta- 
tion of the recently revised plan developed for NEHRP. 

This program consists of four components. The first component 
is focused on improved understanding of wind hazards. The second 
component addresses issues of assessment of impact of wind haz- 
ards. The focus of the third component is reduction of impact of 
wind hazards. The fourth and final component addresses issues of 
enhanced community resilience, education, and outreach. Efforts 
specified for each component consist of research and outreach 
tasks. A detailed list of these tasks is provided in the testimony 
and more details can be found in the report. 

Recent revolutionary developments in information technology 
have the potential to reach to unprecedented breakthroughs in our 
effort to reduce property losses and human suffering due to wind 
hazards. 

In closing I would like to offer the following remarks: First, re- 
duction of wind-induced property losses and human suffering will 
require a well-planned and coordinated comprehensive action. The 
existing wind engineering and wind hazard mitigation infrastruc- 
ture and human resources provide a critical must for starter activi- 
ties of such undertaking. The proposed wind hazards reduction pro- 
gram provides a frame of implementation for wind hazard reduc- 
tion needed within the United States. Establishment of such a pro- 
gram would require long-term commitment by the Federal Govern- 
ment. And finally, delaying implementation of such a program, and 
a delay in adjustment in federal support for wind engineering and 
disciplines related to wind hazard mitigation, will further impair 
this nation’s ability to defuse the devastating impacts of wind haz- 
ards. Thank you. 

[The prepared statement of Dr. Bienkiewicz follows:] 

Prepared Statement of Bogusz (Bo) Bienkiewicz 

Introduction 

I very much appreciate the opportunity to appear before this committee and to 
testify in this hearing. In this testimony I will first present a brief overview of re- 
search activities carried out at the Wind Engineering and Fluids Laboratory at Colo- 
rado State University. Next, I will address issues associated with wind damage and 
damage mitigation in the United States, including a brief assessment of vulner- 
ability to wind hazards and opportunities to reduce these vulnerabilities. Finally I 
will discuss a potential for strengthening the federal wind hazards research and de- 
velopment in the United States through establishment of the National Wind Haz- 
ards Reduction Program. These topics are discussed in more detail in a report enti- 
tled “Wind Engineering Research and Outreach Plan to Reduce Losses due to Wind 
Hazards” 1 prepared by American Association for Wind Engineering in collaboration 
with American Society of Civil Engineers. (This report appears in Appendix 1: Addi- 
tional Material for the Record.) 


1 “Wind Engineering Research and Outreach Plan to Reduce Losses Due to Wind Hazards,” 
Report by American Association for Wind Engineering, in collaboration with American Society 
of Civil Engineers, February 2004, 37 pp. 



35 


Wind Engineering Research at Wind Engineering and Fluids Laboratory 

For over 40 years, the Wind Engineering and Fluids Laboratory (WEFL), formerly 
the Fluid Dynamics and Diffusion Laboratory (www.windlab.colostate.edu) has been 
the center of excellence for fundamental and applied research in wind engineering 
and fluid dynamics. It is one of the international laboratories where the foundations 
of wind engineering were established. The core of WEFL are three large boundary- 
layer wind tunnels that allow for realistic modeling of the atmospheric boundary 
layer. This laboratory was originally established to perform fundamental research 
on the structure of turbulent boundary layer flows and to develop experimental 
techniques for modeling atmospheric boundary layers under various flow conditions 
and thermal stratifications. One of the early long-term research programs carried 
out at WEFL (in 1960-ties) was modeling and assessment of dispersion of chemical 
agents released from various sources, under varied atmospheric conditions. Post 9/ 
11 concerns regarding potential intentional release of chemical/biological/radiological 
agent(s) in urban/suburban/rural settings, as addressed in a report recently released 
by the National Research Council, 2 led to renewed interest by various federal/state 
and other public entities in the unique physical modeling capabilities existing at 
WEFL. 

Over the years a great variety of studies of flows and their interaction with nat- 
ural and built environment have been carried out at WEFL. A significant number 
of investigations addressed wind effects on buildings and structures and mitigation 
measures to minimize these effects. Wind engineering studies of a number of land- 
mark buildings designed and subsequently built in the United States were carried 
out at WEFL. They included the New York’s World Trade Center Towers, Chicago’s 
Sears Tower and other tall buildings built in the United States. In addition, wind 
engineering studies were carried out to determine wind loading on and aerodynamic 
response of other structures (including long-span bridges and roofs, slender towers 
and stacks) and environmental assessments for sitting of fossil fuel and nuclear 
power plants as well as evaluation of sitting and performance of renewable energy 
(solar and wind power) installations. Determination and mitigation of wind effects 
on low-rise buildings and building components and systems (including innovative 
roofing systems) have been the main thrust of R&D carried out at WEFL in recent 
years. 

A representative example of an involvement of WEFL in a coordinated effort fo- 
cused on reducing vulnerability of built environment to wind hazards is participa- 
tion of WEFL in a Cooperative Program in Wind Engineering (CPWE) involving re- 
searchers and students from Colorado State University (CSU) and Texas Tech Uni- 
versity (TTU). This 10-year program supported by the National Science Foundation 
consisted of a number of research tasks that were addressed by collaborative teams 
comprising of researchers and students (graduate and undergraduate) from the two 
institutions. The CPWE teams made significant research, education and outreach 
contributions in the area of better understanding of wind hazards, their impact on 
low-rise buildings and structures, and mitigation of these hazards. It should be 
noted that one of the outcomes of the CPWE research is the design wind speed map 
incorporated in the ASCE 7 Standard. 3 Other major accomplishments of this pro- 
gram included: development of refined physical modeling techniques for wind engi- 
neering studies of low-rise buildings and structures, formulation of hybrid (incor- 
porating analytical, numerical and experimental components) models for innovative 
(permeable, loose-laid) roofing systems, development of numerical simulation and 
visualization tools, and others. The outcomes of the CPWE effort have been subse- 
quently utilized in applied research and in wind engineering service carried out at 
WEFL, TTU and at other institutions and private industry. A representative exam- 
ple of transfer of technology advanced through the CPWE at WEFL is application 
of the developed tools to predict and mitigate undesired wind effects on innovative 
roofing systems (including systems incorporating photovoltaic solar panels) and 
other roofing products developed by U.S. roofing manufacturers and solar energy 
providers. At TTU, various initiatives were undertaken to expand wind hazards re- 
search and enhance technology transfer through effective outreach activities. 


2 “Tracking and Predicting the Atmospheric Dispersion of Hazardous Materials. Implications 
for Homeland Security,” National Research Council Report, ISBN 0—309—08926—3, National 
Academy Press, Washington, D.C., 2003, 93 pp. 

3 ASCE 7 Standard, “Minimum Design Loads for Buildings and Other Structures,” American 
Society of Civil Engineers, 2002, 330 pp. 
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Impact of Windstorm Hazards in the United States 

Wind-related events inflict major loss of life and material losses in the United 
States. According to a report published by RAND 4 (RAND Report), the annualized 
material losses attributed to wind hazards (inclusive of hurricanes, tornadoes and 
winter storms) are estimated to be $6.3 billion. They exceed by over 40 percent and 
60 percent losses attributed respectively to earthquakes and floods. As the authors 
of the RAND report point out, attempts to provide the hazard loss data (and this 
applies to any natural hazard) face a number of challenges. They include the varia- 
bility in occurrence times and magnitude of events resulting in measurable losses, 
the length of the averaging period used in calculating the annualized losses, and 
other factors. Calculation of the annualized losses is further complicated by lack of 
national database of the losses and changing society’s vulnerability to wind and 
other hazards. 

The above wind damage statistics are dominated by hurricane events of large 
magnitude. For example, in 1992 Hurricane Andrew resulted in $26.5 billion — the 
highest level of direct and indirect economic losses ever sustained in the United 
States as the result of a natural hazard event. Analysis of material damage due to 
landfall of hurricanes in the south-eastern United States over the period 1925-1995 
showed that the overall damage due to the reported 244 hurricanes and significant 
tropical storms exceeded $340 billion, with most of the damage attributed to a rel- 
atively small number of strong hurricanes — of category 3 and higher on the Saffir- 
Simpson Scale. 5 

The highest level of property damage and loss of life has been attributed in the 
United States to hurricanes, tropical storms, tornadoes and thunderstorms. While 
devastating effects of landfall of hurricanes have been primarily limited to the At- 
lantic and Gulf coast regions and the United States territories, hazards due to tor- 
nadoes and thunderstorms are of concern to inhabitants of most of the Nation. The 
highest numbers of fatalities and injuries are attributed to tornadoes. Although 
most of the largest tornadoes occur in the central United States — the tornado 
alley — tornadoes have been reported both west and east of the alley. Tornado touch- 
downs in Maryland, Utah and other states are good illustration of a wide territorial 
reach of destructive tornadoes. Thousands of thunderstorms occur every year all 
over the United States. Strong winds associated with passage of thunderstorms (at 
times accompanied by tornadoes, gust fronts and downbursts) result in a significant 
physical damage and human suffering. Local topographic features may lead to am- 
plification of such winds, thus compounding adverse wind effects. Mountain ranges 
may lead to generation of local strong winds, such as down slope Chinook wind in 
Rocky Mountains, Santa Anna wind in California and strong winds in the north- 
western U.S. and in Alaska. 

Overall (approximate) measure of the potential wind hazard is represented by 
wind speed maps. Wind provisions of design codes and standards, such as the Amer- 
ican Society of Civil Engineers Standard ASCE 7, 3 provide the recommended design 
wind speed maps. They typically include disclaimers /restrictions to account for un- 
certainties/lack of reliable wind speed data. 

Storm surge and heavy precipitation accompanying hurricanes both contribute to 
overall damage and have a potential for causing loss of life and various long-term 
undesired consequences. Precipitation associated with thunderstorms and tornadoes 
may lead to severe flash flooding. Other undesired effects associated with high-wind 
events include disruptions in transportation during winter storms (due to whiteouts 
and/or snowdrifts), summer dust storms and hail storms, and adverse wind effects 
on fires. 

As a result of ongoing public and private efforts a number of wind hazards mitiga- 
tion measures have been developed and put in practice in coastal and other regions 
of the United States. These measures have led to significant reduction in fatalities 
attributed to wind hazards, mainly due to improved warning times and life protec- 
tion systems (shelters) in tornado prone regions, and improved forecasting of hurri- 
cane landfall and more effective evacuation measures in the Atlantic and Gulf coast 
areas of the United States. 

While the available statistics on human losses due to wind hazards show an en- 
couraging trend of reduction of loss of life, the data on the property losses due to 
wind hazards exhibit an opposite trend — increasing annualized losses — with alarm- 


4 Meade, C. and Abbott, M., “Assessing Federal Research and Development for Hazard Loss 
Reduction,” RAND Report, 2003, 65 pp. 

5 Willoughby, H.E., “A Century of Progress in Tracking and Warning — Improvements in Ob- 
servations, Models, and Forecasts,” in Hurricane ! Coping with Disaster, Simpson, R. (Editor), 
American Geophysical Union, 2003, pp. 205-216. 
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ingly increasing rate of change in the losses, especially over the past decade. An in- 
tensified coordinated effort to reduce these losses is desirable. 

Barriers to Reducing Vulnerability to Wind Hazards 

In discussion of the material costs of natural disasters, the authors of the RAND 
Report noted a significant increase (reported by GAO, in 2002) in the disaster relief 
funds allocated by FEMA: from $7 billion over the period of 1978-89 to §39 billion 
over the next twelve-year period. 

The authors identified a growing (indeed “exploding”) population in areas vulner- 
able to natural hazards (such as coastal areas) as one of primary reasons for such 
a dramatic increase in damage and the associated relief funds. A significant portion 
of these funds has been used to offset material losses due to wind hazards. It has 
been postulated that the above demographic trend will continue and that significant 
measures need to be urgently undertaken in order to address the issue of the in- 
creasing material losses (and associated relief funds) due to wind hazards. 

A number of factors impeding mitigation of damage due to wind and other natural 
hazards have been identified by natural hazards mitigation community comprising 
of researchers and practitioners of broad background, decision and policy makers, 
and others. The domain of their evaluation included research and development, 
technology transfer and implementation, as well as outreach and education. Some 
of the impediments to effective mitigation of losses due to natural (including wind) 
hazards were postulated to be coupled with federal funding policies. The authors of 
the RAND Report concluded that in a number of programs explicit hazard loss re- 
duction activities received the least R&D funding, while much of the spending sup- 
ported short-term prediction capabilities of limited potential to long-term loss reduc- 
tion that could improve the resilience of communities and infrastructure, and ulti- 
mately result in substantial reduction of losses. A large disparity between federal 
R&D funding allocated for different natural hazards also was noted. 

As was reported before the Committee of Science of the U.S. House of Representa- 
tives (testimony by Dr. McCabe, 6 during hearing on October 11, 2001), the average 
annual overall federal investment in research to mitigate impacts of wind hazards 
is estimated to be $ 5-10 million. It is instructive to compare this amount with FY 
2001 funding allocations for fundamental research by National Science Foundation: 
Civil & Mechanical Systems — Wind — $2.6 million, Earthquakes — $20.8 million; At- 
mospheric Sciences: Wind+Flood+Drought — $183.8 million, RAND Report, p. 23. It 
should be noted that the federal funding in excess of $100 million per annum has 
been invested over the past two decades to support activities geared towards reduc- 
tion in earthquake losses, through the National Earthquake Hazards Reduction Pro- 
gram. A comparison of these funding levels with the quoted earlier estimate for the 
annualized wind hazards losses suggests that a significant increase in federal in- 
vestment in activities geared towards reduction of losses due to wind hazards is ur- 
gently needed, justified, and has considerable potential for short- and long-term pay- 
off. 

Wind Engineering/Wind Hazards Research Needs 

A list of wind engineering research areas identified as critical for reduction of 
wind-induced loses is provided in the report published by American Association for 
Wind Engineering. 7 It included: Collection of wind speed data using robust instru- 
mentation and state-of-the art technology to map detailed structure of the wind, 
topographic effects, and long-term climate effects; Simulation of hurricanes and 
their wind fields and other extreme wind effects for statistical analysis of wind, 
wind loads, and wind-induced response of structures and their components; Mod- 
eling of wind-structure interaction, including effects of integral wind loads on struc- 
tural systems, components and cladding, effectiveness of retrofitting schemes, effects 
of structural fatigue and impact by wind-generated missiles, design of cost effective 
tornado shelters and shelters for hurricane zones to minimize evacuation; Study of 
internal load paths, performance of structural systems, and effectiveness of connec- 
tions between structural components; Field monitoring of structures in natural envi- 
ronment and large-scale tests in simulated loading environment; Research in debris 
impact potential in windstorm and development of impact resistant building compo- 
nents; Mapping of wind climate in urban areas; Health monitoring and structural 
control studies for mitigation of wind effects; Application of effective numerical 


6 McCabe, S.L., Testimony on behalf of American Society of Civil Engineers before the Sub- 
committee on Environment, Technology and Standards, of the Science Committee, U.S. House 
of Representatives, October 11, 2001. 

7 “Wind Engineering: New Opportunities to Reduce Wind Hazard Losses and Improve Quality 
of Life in the USA,” American Association for Wind Engineering Report, August 1997, 74 pp. 
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schemes using computational fluid dynamics to determine the wind environment 
and wind loading on and response of buildings, structures, transportation systems 
and other critical components of civil engineering infrastructure, and to mitigate 
these effects; Development of effective techniques for collection and rapid archiving 
and dissemination of data acquired during post-disaster investigations; Development 
of cost-effective retrofit techniques to enhance wind resistance of existing structures; 
and Development and application of reliable techniques for cost-benefit analysis of 
wind hazards mitigation measures and other socio-economic evaluations. 

Opportunities to Reduce Vulnerability to Wind Hazards 

The existing R&D infrastructure and expertise in wind engineering and other dis- 
ciplines pertinent to mitigation of wind hazards, recent advances in information 
technology as well as lessons learned from programs focused on mitigation of other 
natural hazards, especially earthquakes, form the basis that provides unique oppor- 
tunities to enhance our efforts to reduce vulnerabilities to wind hazards. 

The existing research infrastructure includes laboratory and field facilities used 
to investigate wind characteristics and wind effects on buildings and structures and 
their components. The main components of the laboratory infrastructure are long- 
test-section wind tunnels that allow for realistic modeling of boundary-layer winds 
and other flow modeling facilities that have been employed in exploratory modeling 
of other wind phenomena, including tornadoes, hurricanes and downburst outflows. 
Academic institutions in the United States involved in laboratory modeling of wind 
effects include: Colorado State University, Texas Tech University, Clemson Univer- 
sity, Iowa State University, Louisiana State University and University of Notre 
Dame. 

Over the years, extensive wind engineering field studies of wind effects on low- 
rise buildings and wind hazards mitigation have been carried out by researchers at 
Texas Tech University, at two sites in Lubbock, TX. A field site to carry out wind 
engineering investigations primarily focused on manufactured homes was estab- 
lished (and jointly operated by the DOE’s Idaho Environmental Engineering Labora- 
tory and University of Wyoming) 30 miles west of Laramie, WY. 

Several universities have established programs to collect high fidelity hurricane 
wind field information near ground, and wind loading on building envelope and 
building performance during strong wind events. A number of houses at various lo- 
cations along Atlantic and Gulf coasts have been instrumented or outfitted with wir- 
ing and brackets for easy installation of instrumentation. These efforts have been 
carried out by researchers from Clemson University, University of Florida at 
Gainesville and University of Illinois at Urbana-Champagn. Several wind engineer- 
ing research groups (Texas Tech University, Clemson University and University of 
Florida at Gainesville) use mobile towers (typically 30 feet in height) strategically 
positioned on an expected path of hurricanes or other high-wind events. These in- 
strumented towers are equipped with back-up power supply and they are capable 
of withstanding wind speeds up to 200 mph. Recent upgrades of the towers included 
use of wireless phone communication (successfully deployed for the first time during 
landfall of Hurricane Isabel in 2003) to transmit the acquired data to a central data- 
base in near-real time. 

Another example of an innovative application of the emerging sensors, data acqui- 
sition and transmission technology is a recent study coordinated by researchers from 
University of Notre Dame who have been supplementing traditional monitoring de- 
vices in measurement of wind-induced response of tall buildings using the Global 
Positioning System (GPS). 

The above cases are only a representative sample of applications of new tech- 
nologies incoroporated in current R&D focused on mitigation of wind hazards. The 
revolutionary role of information technology (IT) and unmatched opportunities re- 
sulting from its application in efforts geared to reduce vulnerability to natural disas- 
ters were discussed in RAND Report. Specific applications of IT in monitoring and 
simulating seismic hazards and structural response due to earthquakes, as well as 
in remote data acquisition and interpretation coupled with rapid communication 
and visualization to aid broad range of stakeholders (ranging from R&D through de- 
cision-making and emergency personnel) were discussed in EERI Report. 8 The de- 
scribed applications (of IT) appear to have a tremendous potential to aid tasks to 
reduce vulnerability to wind hazards and to coordinate local and regional planning 
to prevent/minimize wind-induced losses. 


8 “Securing Society Against Catastrophic Earthquake Losses — A Research and Outreach Plan 
in Earthquake Engineering,” Earthquake Engineering Research Institute Report, April 2003, 62 

pp. 
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Benefits of Coordinated Wind Hazards Mitigation Research 

Reducing wind hazards risk is a long-term commitment that builds on past expe- 
rience and advances in our understanding of wind, wind-induced loading on and re- 
sponse of structures, impact of wind-generated debris, and effects of other natural 
phenomena associated with strong winds (for example surge, hail). Advances in 
quantifying the physical nature of strong winds, coupled with continuing improve- 
ments in engineering methods, will result in significantly increased wind hazard 
safety, as structures existing in critical wind zones are retrofitted, and new and re- 
placement structures and infrastructure systems are constructed. Research on wind 
hazards can significantly reduce economic losses resulting from future strong-wind 
events. Whereas several success stories can be cited, there is a pressing need to con- 
tinue such research in the future, and at an increased rate. 

Because our nation’s livelihood is highly dependent on business activity, a future 
wind event, even one with only a moderate damage potential, can result in signifi- 
cant economic loss. In an extreme case, the recurrence of a hurricane with the mag- 
nitude of hurricane Andrew, with landfall passage over a metropolitan area (such 
as Miami, Florida) would be devastating. Total loss associated with such event is 
estimated to exceed $30 billion, with a significant portion of this loss attributable 
to interruptions in business operations. The tragic events of 9/11 in New York City 
underscore the severity of economic impact of a major disruption in urban infra- 
structure and interruptions in business activities. 

If relevant and timely research coupled with effective technology transfer can re- 
duce the economic loss from a single future strong wind event by even a very con- 
servative 10 percent, the payoff on the investment will be in the billions of dollars. 

Proposal for Establishment of National Wind Hazards Reduction Program 
(NWHRP) 

In context of arguments put forth in this presentation and findings advanced else- 
where (AAWE Reports, 1 - 7 RAND Report, 4 NRC Report, 9 NIST Report 10 ), and in 
view of the current and anticipated future unacceptably high level of wind damage 
it should be apparent that effective countermeasures are urgently needed and can 
be developed to stem and reverse these undesirable trends. Evidence has been also 
presented to support a proposition that an integrated and coordinated long-term ef- 
fort with well defined, achievable and measurable goals in R&D, education and out- 
reach will be necessary to significantly reduce societal vulnerability to wind hazards 
with 10-20 year time horizon. Such a goal could be accomplished through establish- 
ment of the National Wind Hazards Reduction Program (NWHRP). The establish- 
ment of such a program was proposed in the past by Jones et al. 11 and others (NRC 
Report, 9 NIST Report 10 ). 

The concept and implementation of NWHRP program could be built on lessons 
learned from the 25-year experience with the National Earthquake Hazards Reduc- 
tion Program (NEHRP). The starting point in this process could be the revised con- 
cept of the NEHRP described in the EERI Report. 8 Adaptation of this model for the 
NWHRP is presented in the AAWE Report. 1 The main components of the program 
are summarized in Table 1, while the research and outreach tasks are listed in 
Table 2. 


9 “Wind and the Built Environment — U.S. Needs in Wind Engineering and Hazard Mitiga- 
tion,” National Research Council Report, ISBN 0-309-04449-9, National Academy Press, Wash- 
ington, D.C., 1993, 130 pp. 

10 Marshall, R.D., Editor, “Proceedings of Workshop on Research Needs in Wind Engineering,” 
Technical Report NISTIR 5597, Building and Fire Research Laboratory, National Institute of 
Standards and Technology, Gaithersburg, MD, 1995, 69 pp. 

1:L Jones, N.P., Reed, D.A., and Cermak, J.E., “Wind Hazard Reduction Program,” Journal of 
Professional Issues in Engineering, ASCE, 121 (1), 1995, pp. 41-46. 



40 


Table 1. Main Components and Major Areas of Activities of the Proposed NWHRP 


Understanding 
of Wind Hazards 

Assessment 
of Impact of Wind 
Hazards 

Reduction of Impact 

Of Wind Hazards 

Community 

Resilience, 

Education, 

& Outreach 

More Knowledge 
and Data on 

Severe Winds 

Performance of 
Buildings, 

Structures and 
Critical 

Infrastructure Using 
Data Collection, 
Experimentation & 
Synthesis 

Retrofit 

Measures for 
Existing 

Buildings, 
Structures & 
Infrastructure 

Cost 

Effectiveness of 
Loss Mitigation 

Community 
Resilience to 
Wind 

Hazards 

Better 

Understanding & 
Quantification of 
Wind Loading on 
Buildings and 
Structures 

Tools for 

Component and 
Structure-Level 
Simulation & 
Computational 
Modeling 

Innovative 
Technologies for 
New Buildings, 
Structures & 
Infrastructure 

Financial 
Instruments for 
Risk Transfer 

Cross-Area 
Outreach & 
Education 

Mapping of 

Wind Hazards 

Tools for System- 

Level/Loss 

Assessment 

Land-Use 

Measures 

Emergency 
Response & 
Recovery 

Education & 

Public 

Outreach 


Implementation of the above concept is based on a sequential progression from 
Component A through Component D. Significant number of outreach tasks are 
planned to be activated at appropriate phases of progress in research tasks of all 
the components of the program, as is illustrated in Table 2. 
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Table 2. Breakdown ofNWHRP by Research (R) and Outreach (O) Tasks 

A UNDERSTANDING OF WIND HAZARDS 

R1 Enhanced Knowledge on Severe Winds. 

R2 Understanding and Quantification of Wind Loading. 

R3 Mapping of Wind Hazards. 

01 Enhanced Knowledge on Severe Winds. 

02 Mapping of Wind Hazards. 

B ASSESSMENT OF IMPACT OF WIND HAZARDS 

R1 Structural Resistance Using Data Collection. 

R2 Tools for Simulation and Modeling. 

R3 Tools for System-Level/Wind Loss Assessment. 

01 Structural Resistance Using Data Collection. 

02 Tools for Simulation and Modeling. 

03 Tools for System-Level/Wind Loss Assessment. 

C REDUCTION OF IMPACT OF WIND HAZARDS 
R1 Retrofit of Existing Buildings and Structures. 

R2 Innovative Strategies for New Buildings and Structures. 

R3 Land Use Measures and Construction Practices. 

R4 Cost Effectiveness of Wind Loss Mitigation. 

R5 Financial Instruments to Transfer Risks. 

R6 Technologies for Emergency Response and Recovery. 

01 Codes, Guidelines and Demonstration Projects. 

02 Financial Instruments to Transfer Risks. 

03 Technologies for Emergency Response and Recovery. 

D ENHANCE COMMUNITY RESILIENCE, EDUCATION 
AND PUBLIC OUTREACH 

COMMUNITY RESILIENCE TO WIND HAZARDS 

R Research Addressing Community Resilience. 

0 Outreach Addressing Community Resilience. 

EDUCATION AND PUBLIC OUTREACH 

01 Pre-College (K- 12). 

02 College - Undergraduate Program. 

03 College - Graduate Program. 

04 Continuing Education. 

05 Public Awareness & Outreach. 


In formulation of the NWHRP plan attempts were made to develop a dynamic 
program that would allow for timely use of outcomes of ongoing (in the United 
States and elsewhere) related research and outreach efforts addressing mitigation 
of losses due to wind and other natural hazards. A particular attention was given 
to activities in the area of earthquake engineering, carried out within and beyond 
the framework of NEHRP. 

Potential Impact of Information Technology 

Recent developments in information technology (sensors; data collection, transfer, 
processing and visualization; experimental and computational simulation; high-end 
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computing; and adaptive networking) have a potential to lead to unprecedented 
breakthroughs in our efforts to reduce property losses and human suffering due to 
wind hazards. These advances in information technology (IT) have already signifi- 
cantly influenced activities addressing impacts of natural hazards. Two representa- 
tive examples of relevance to the NWHRP are discussed below. 

The first example is the Network for Earthquake Engineering Simulation (NEES). 
Significant federal investment has been authorized by Congress for the development 
of NEES — $82 million over the 2002-2004 period. This funding was allocated for 
construction/enhancement of engineering laboratories at fifteen universities and de- 
velopment of an advanced networked and grid-enabled experimental, data, and com- 
putational infrastructure. This resource makes possible implementation of a concept 
of “colaboratory” which enables researchers to remotely interact with each other and 
with their simulation and computational work via “telepresence” tools. Application 
of these concepts and infrastructure appears to have a great potential for break- 
throughs in wind hazards research and outreach. Modest investment to upgrade 
wind engineering experimental (laboratory/field) and computational infrastructure, 
coupled with shared use of the NEES networking capabilities would allow for an ef- 
ficient exploratory application of these technologies in the NWHRP activities. 

The second example is utilization of low-cost, small-size (3 ft x 3 ft) networked 
radars that can be placed on existing cellular towers. These short-range sensors can 
provide information on low-level winds and other properties of the atmospheric sur- 
face layer. They are currently being developed by one of the Engineering Research 
Centers (supported by NSF) and they are scheduled to be tested in mid 2005, in 
a networked configuration covering approximately 20 percent of the State of Okla- 
homa. This technology appears to have potential for application in mapping of wind 
hazards and in other activities of the NWHRP. 

Concluding Remarks 

As discussed in this presentation, significant coordinated federal effort will be re- 
quired to reverse trend of increasing property losses and human suffering due to 
wind hazards. The proposed research and outreach plan represents a comprehensive 
approach to this problem. Implementation of this plan through activities of the pro- 
posed NWHRP promises to have a very high level of success in achieving significant 
reduction in wind hazards impacts within the next decade. 

Recent revolutionary developments in information technology (including sensors, 
data collection, transfer, processing and visualization, experimental and computa- 
tional simulation, high-end computing and networking infrastructure) have a poten- 
tial to lead to unprecedented breakthroughs in our efforts to reduce property losses 
and human suffering due to wind hazards. Sizing the above opportunities will re- 
quire federal investment to upgrade the existing and develop new research and out- 
reach infrastructure and human resources. 

Reduction in material losses and human suffering within the next decade will not 
be possible without a significant and long-term federal commitment. Moreover, 
delay in adjustment in federal support in these areas will undoubtedly lead to fur- 
ther (and probably accelerated) deterioration in currently existing national research 
and outreach infrastructure and in human resources in wind engineering, wind haz- 
ards mitigation and in related disciplines. 
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cluded participation in various activities of the American Association for Wind Engi- 
neering and in technical committees of the American Society of Civil Engineers. He 
currently serves as President of the American Association for Wind Engineering. 



43 



February 5, 2004 

The Honorable Sherwood Boehlert 
Chairman, Science Committee 
2320 Rayburn Office Building 
Washington, DC 20515 


Dear Congressman Boehlert: 

Thank you for the invitation to testify before the U.S. House of Representatives Committee on 
Science on February 9 111 for the hearing entitled Strengthening Windstorm Hazard Mitigation: An 
Examination of Public and Private Efforts. In accordance with the Rules Governing Testimony, 
this letter serves as formal notice of the Federal funding I currently receive in support of my 
research. 

• Amount: $25,000; Contract number: NA1341-02-W-1525; Sponsoring agency: DOC- 
National Institute of Standards and Technology; Contract title: Wind Tunnel Study of 
Wind Loading on Low-Rise Buildings; Contract start date: 9/26/2002; Contract end date: 
7/31/2004. 


Sincerely, 



Dr. Bogusz (Bo) Bienkiewicz, Professor 
Department of Civil Engineering 
Colorado State University 
Fort Collins, CO 80523 
E-mail: bogusz@engr.colostate.edu 
Ph: 970-491-8232 (Voice) 



44 


Mr. Neugebauer. Thank you. Mr. Shofner. 

STATEMENT OF BRYAN L. SHOFNER, PRESIDENT, SHOFNER & 
ASSOCIATES INSURANCE AGENCY, INC. 

Mr. Shofner. Thank you, Mr. Chairman, Congressman Moore, 
for allowing me to be here today. It is truly an honor to visit with 
you on this matter. Again, as you said, my name is Bryan Shofner. 
I am the President of Shofner & Associates Insurance Agency, In- 
corporated. I am an independent insurance agent selling primarily 
property and casualty insurance for both residential and commer- 
cial clients. As an independent insurance agent I represent several 
insurance companies and place my customers’ business with the 
company that best satisfies their needs. 

I have been asked to testify on the status of wind damage mitiga- 
tion research as well as what steps the industry has undertaken 
to reduce damage from wind. Insurance companies have significant 
information on risk factors as well as loss severity and loss fre- 
quency by a given area of the country, state, county, or city. Com- 
panies can determine the likelihood of the given loss, which is used 
in the calculation of the insurance premium that is charged to a 
specific policyholder or applicant for insurance. This statistical in- 
formation is proprietary and intended for the sole use of that par- 
ticular company to aid in the rate making process. On the other 
hand, insurance companies have very little information on wind 
damage mitigation techniques and do very little research on wind 
damage reduction. Insurance companies do not have the engineer- 
ing staff to accomplish this research. The offshore reinsurance in- 
dustry does some minor research, but this information is also pro- 
prietary. 

There are other organizations that provide statistical and actu- 
arial information, such as the Insurance Services Office. They pro- 
vide this information to those companies who do not have their 
own data. ISO publishes information about loss costs for different 
types of construction, which insurance companies can use to deter- 
mine appropriate rates. This organization also recommends specific 
credits be given for compliance with certain building codes or the 
use of materials such as window shutters. 

There are also other organizations such as the Institute for High- 
way Safety and the Institute for Business and Home Safety that 
provide research for the insurance industry; however, these organi- 
zations have no budget for research for wind hazard mitigation to 
the best of my knowledge. 

I do believe there are several universities that conduct research 
on wind damage and the ability of certain products to withstand 
damage from wind; however, I am not aware of any efforts by indi- 
vidual insurance companies or the industry to build on these ef- 
forts. 

While I do not have access to specific loss amounts for wind dam- 
age, I can provide some insight into the amount of damage caused 
by hurricanes. Average annual losses from hurricanes in the 
United States are between $5 and $20 billion, using current prop- 
erty valuations and 2000 census data. This spread is due to the 
variance in modeling projections and building performance. In the 
last half century, Florida and Texas suffered the largest hurricane 
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losses in the United States. Based on adjusted losses, 38 percent 
of the direct insured property losses caused by catastrophic hurri- 
canes occurred in Florida, with another 11 percent in Texas. The 
most expensive windstorm in history, Hurricane Andrew, produced 
insured losses of $15.5 billion or approximately $20 billion in cur- 
rent dollars. 

One aspect not often considered is the economic impact of wind- 
storms on the community. A report commissioned by the Office of 
Florida Governor Lawton Chiles summed up the damage from Hur- 
ricane Andrew as follows: 28,066 homes destroyed, 107,380 homes 
damaged, 82,000 businesses destroyed or damaged, 7,800 busi- 
nesses closed as of September, 1992, and 86,000 people out of work 
as of September, 1992. 

The immediate financial and market consequences of a major ca- 
tastrophe are swift, severe, and long lasting. Small insurers may 
become insolvent and the remaining insurers will most likely have 
limited resources to write additional risks or the market for resi- 
dential and commercial properties may be non-existent. Catas- 
trophe reinsurance process will increase and availability will be 
limited for some time. Business owners are often forced out of busi- 
ness with the additional loss of jobs to their employees and the loss 
of revenue on the economy. 

Due to a lack of real data demonstrating that mitigation is truly 
effective, insurance companies have been reluctant to provide in- 
surance incentives for mitigation; however, changes are beginning 
to occur with Florida and Texas mandating incentives for certain 
mitigation techniques and/or compliance with stringent building 
codes found in catastrophe-prone areas. The Texas Wind Storm In- 
surance Association provides discounts for specific features in 
homes in designated catastrophe-prone areas. 

New homes will fare better in windstorms, although much more 
still needs to be done. The new International Residential Building 
Code has better loads and a wind-borne debris region, but lacks 
many basics. Cost effective measures for new homes should include 
secondary water resistance, improved roof coverings, improved de- 
sign loads for two and three-story buildings, treatment of soffits in 
design and wind borne debris. Failure of states to adopt stringent 
building codes, such as the IRC, as mandatory for all areas of the 
state will continue to result in wind damage that could have been 
less severe or possibly avoided all together. 

Retrofitting is rare except in those cases where a loss has already 
occurred and the home is being repaired and new building codes 
have been adopted. Insurance incentives, public education, and 
statewide stringent building codes can help remedy this situation. 

Barriers to widespread implementation of existing mitigation 
techniques include lack of education, failure of insurance compa- 
nies to provide sufficient financial incentives, knowledgeable con- 
struction personnel, cost to the homeowner, and again, lack of man- 
datory building codes. Changes through zoning restrictions or 
building codes are often opposed by developers, homeowners, real 
estate, and even local government who are concerned with the in- 
creased cost of construction. 

Most coastline states are still susceptible to significant devasta- 
tion, including both property and non-property losses from a major 
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windstorm. Unless state-wide risk reduction strategies, including 
stringent building codes and building moratoriums in those areas 
most vulnerable to wind damage occur, wind damage mitigation 
will not succeed in protecting from loss of life and property. 

Again, thank you for the opportunity to be here. I do appreciate 
this. 

[The prepared statement of Mr. Shofner follows:] 

Prepared Statement of Bryan Shofner 

Mr. Chairman, Members, my name is Bryan Shofner and I am the President of 
Shofner A& Associates Insurance Agency, Inc. I am an independent insurance agent 
selling primarily property and casualty insurance for both residential and commer- 
cial clients. As an independent insurance agent I represent several insurance com- 
panies and place my customer’s business with the company that best satisfies their 
needs. I have been asked to testify on the status of wind damage mitigation re- 
search as well as what steps the insurance industry has undertaken to reduce dam- 
age from wind. 

Insurance companies have significant information on risk factors as well as loss 
severity and loss frequency by a given area of the country, state, county or city. 
Companies can determine the likelihood of a given loss which is used in the calcula- 
tion of the insurance premium that is charged to a specific policyholder or applicant 
for insurance. This statistical information is proprietary and intended for the sole 
use of that particular company to aid in the rate-making process. 

On the other hand, insurance companies have very little information on wind 
damage mitigation techniques and do very little research on wind damage reduction. 
Insurance companies do not have the engineering staff to accomplish this research. 
The offshore re-insurance industry does some minor research but this information 
is also proprietary. 

There are other organizations that provide statistical and actuarial information 
such as the Insurance Services Office. They provide this information to those compa- 
nies who do not have their own data. ISO publishes information about loss costs 
for different types of construction which insurance companies can use to determine 
appropriate rates. This organization also recommends specific credits be given for 
compliance with certain building codes or the use of materials such as window shut- 
ters. 

There are also organizations such as the Institute for Highway Safety and the In- 
stitute for Business and Home Safety that provide research for the insurance indus- 
try. However, these organizations have no budget for research for wind hazard miti- 
gation; to the best of my knowledge. 

I do believe there are several Universities that conduct research on wind damage 
the ability of certain products to withstand damage from wind. However, I am not 
aware of any efforts by individual insurance companies or the industry to build on 
these efforts. 

While I do no have access to specific loss amounts for wind damage; I can provide 
some insight into the amount of damage caused by hurricanes. Average annual 
losses from hurricanes in the US are between $5-$20 billion dollars using current 
property valuations and 2000 census data. The spread is due to the variance in 
modeling projections and building performance. In the last half century, Florida and 
Texas suffered the largest hurricane losses in the United States. Based on adjusted 
losses, 38 percent of the direct insured property losses caused by catastrophic hurri- 
canes occurred in Florida with another 11 percent in Texas. The most expensive 
windstorm in history, Hurricane Andrew, produced insured losses of $15.5 billion or 
approximately $20 billion in current dollars. 

One aspect not often considered is the economic impact of windstorms on the com- 
munity. A report commissions by the office of Florida Governor Lawton Chiles 
summed up the damage from hurricane Andrew as follows: 

• 28,066 homes destroyed; 

• 107,380 homes damaged; 

• 82,000 businesses destroyed or damaged; 

• 7,800 business closed as of September 1992; and 

• 86,000 people out of work as of September 1992. 

The immediate financial and market consequences of a major catastrophe is swift, 
severe and long lasting. Small insurers may become insolvent and the remaining in- 
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surers will most likely have limited resources to write additional risks or the market 
for residential and commercial properties may be non-existent. Catastrophe re-in- 
surance prices will increase and availability will be limited for some time. Business 
owners are often forced out of business with the additional loss of jobs to their em- 
ployees and the loss of revenue on the local economy. 

Due to a lack of real data demonstrating that mitigation is truly effective, insur- 
ance companies have been reluctant to provide insurance incentives for mitigation. 
However, changes are beginning to occur with Florida and Texas mandating incen- 
tives for certain mitigation techniques and or compliance with stringent building 
codes found in catastrophe-prone areas. The Texas Windstorm Insurance Associa- 
tion provides discounts for specific features in homes in designated catastrophe- 
prone areas. 

New homes will fare better in windstorms although much more still needs to be 
done. The new International Residential Building Code has better loads and a wind- 
borne debris region but lacks many basics. Cost effective measures for new homes 
should include secondary water resistance, improved roof coverings, improved design 
loads for two and three-story buildings, treatment of soffits in design and wind 
borne debris. Failure of states to adopt stringent building codes (such as the IRC) 
as mandatory for all areas of the state will continue to result in wind damage that 
could have been less severe or possibly avoided altogether. 

Retrofitting is rare, except in those cases where a loss has already occurred and 
the home is being repaired and new building codes have been adopted. Insurance 
incentives, public education and state-wide stringent building codes can help remedy 
this situation. 

Barriers to widespread implementation of existing mitigation techniques include 
lack of education, failure of insurance companies to provide sufficient financial in- 
centives, knowledgeable construction personnel, cost to the homeowner and again, 
lack of mandatory building codes. Changes through zoning restrictions or building 
codes are often opposed by developers, homeowners, real estate and even local gov- 
ernment who are concerned with the increased cost of construction. 

Most coast-line states are still susceptible to significant devastation including 
both property and non-property losses from a major windstorm. Unless state-wide 
risk-reduction strategies including stringent building codes and building morato- 
riums in those areas most vulnerable to wind damage occur, wind damage mitiga- 
tion will not succeed in protecting from loss of life and property. 

This concludes my remarks and I would be happy to answer any questions that 
you may have. 
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Discussion 

Mr. Neugebauer. Thank you, Mr. Shofner. We will now have a 
question and answer period and I will start off with Dr. Kiesling. 

Texas Tech is obviously a leader in windstorm hazard mitigation 
research and development, from providing information to the public 
on how to stay safe during a tornado to developing an in-house res- 
idence, safe houses. Texas Tech’s contribution in this field has been 
invaluable. What processes are in place at Texas Tech to transfer 
the technology knowledge developed at the Wind Science and Engi- 
neering Research Center to other research institutions, government 
industries, and the public? 

Mr. Kiesling. A multitude of things would be in line with that. 
First of all, we produce a significant number of publications, as you 
would expect. Those are available on our web site and distributed. 
A lot of them are presented at meetings. We have an information, 
an outreach program. We answer an enormous number of tele- 
phone inquiries from all segments of the industries — the builders, 
the producers, the public. We regularly teach short courses to, for 
example, the American Society of Civil Engineers. We had a three- 
day short course in this building last week with design profes- 
sionals. There are various outreach programs, a lot of educational 
programs with K through 12, though our ability to do that depends 
a lot upon the personnel we have available to do that. So there are 
a number of mechanisms in place. 

Mr. Neugebauer. Okay. Thank you. This is kind of a question 
for all of you. In reading your testimony, you know, one thing that 
became evident was that a lot of the research, or research dollars 
that you perceive being allocated by the Federal Government is 
going more to the weather, study of weather patterns, and cer- 
tainly that is an important part of that, but the mitigation area 
probably is getting some of the least amount of funding. And so 
your feelings as to how, if you are allocating from the study of the 
atmosphere, the mitigation, and then the implementation, what is 
your feeling on how that pie should be divided? 

Dr. Meade. 

Dr. Meade. You are correct that most of the money is going to- 
ward weather forecasting, and studies are a part of that. It’s not 
clear so much that it is a pie to be divided in the sense that you 
could take the same amounts of money that you’re ordinarily giving 
to hazard mitigation simply because it may cost more money to do 
that sort of research than it does — for example, it requires sat- 
ellites and all kinds of expensive instrumentation. So, it’s not clear 
that you can make a dollar for dollar comparison. The point being, 
if loss reduction is your goal, loss reduction being measured in 
terms of dollars, the only way you are really going to do that is if 
you focus on research that sort of feeds into programs such as those 
here at Texas Tech or other engineering programs. And weather 
forecasting programs are largely focused on helping people make 
very short decisions, like whether to evacuate before a tornado or 
before a hurricane. The data that is collected in weather fore- 
casting programs is generally not used in an engineering context. 
At least, that is not why it is being collected in the first place. So 
a lot, I think, you could certainly increase the amount of money 
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that is going toward the engineering side and largely because the 
ratios are so imbalanced right now it would be awfully hard to 
make a contribution error. I think it would make a very large con- 
tribution to loss reduction. 

Mr. Neugebauer. Dr. Bienkiewicz. 

Dr. Bienkiewicz. Well, the level of support of engineering activi- 
ties, as stated by witnesses here, is low as compared to the level 
of funding of phenomenon itself. I would like to say that tech- 
nologies which could be incorporated in such a way that the costs 
of providing more information on phenomenon for direct application 
of engineers would not be prohibited. And in my testimony I am 
quoting an example of the project which states that being devel- 
oped by Engineering Research Center founded by National Science 
Foundation and people are thinking about placing a small-site 
radar system, and the place specified for this project will be in 
Oklahoma. So there are opportunities, and that is what I tried to 
state in my testimony, of high technology dropping costs of doing 
science and providing information for engineering complications. So 
that might be one of the options which we should actively pursue. 

Mr. Neugebauer. My time has expired. The gentleman from 
Kansas. 

Mr. Moore. Thank you, Mr. Chairman. First question to Dr. 
Kiesling. You talked about safe rooms and I guess my question to 
you, sir, is can you give us an estimate, percentage-wise or dollar 
amount, what it might cost to build a safe room into a home to pro- 
tect the occupants from death. 

Dr. Kiesling. Yes. I would say that the low end of a quality shel- 
ter, one that is really dependable, would be approximately $3,000. 
They go up from there and it depends a lot on whether you are 
talking about new construction or retrofit because in a retrofit costs 
vary because of accessibility problems and so forth, but I would say 
from $3,000 to $6,000 is a reasonable estimate of the range. 

Mr. Moore. And in terms of retrofit or new construction, what 
kind of techniques or technologies would be incorporated to protect 
people in a safe room. 

Dr. Kiesling. In the case of new construction, of course, the ideal 
situation is to simply choose a small room such as a bathroom, a 
closet, a pantry, and harden and stiffen that to provide the level 
of protection desired. 

Those are designed so that they would provide protection even if 
the house is totally destroyed. 

In a retrofit situation there are concepts where you could im- 
prove the same room. The critical thing is to have a foundation to 
which to anchor, or a slab. But an economical way in a retrofit situ- 
ation is simply to put a shelter, build a shelter down in the garage, 
a steel box if you will, and there are many products on the market 
now available for that. And so that is probably the low end of the 
cost range as well because you can buy a manufactured shelter and 
simply anchor it and it will provide good protection. 

I would also distinguish between the in-residence shelter. That 
is one that is accessible without going outdoors. Many shelters are 
being built as say cellars or dugouts in the back yard. Certainly 
they offer good protection if you are in them, but you need to use 
them in a different way. In other words, you need to access those 
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when there is a weather warning because if you wait until the 
storm is in progress, then you would probably take greater risk to 
get to it than just staying indoors. 

Mr. Moore. So early alert makes a big difference. 

Dr. Kiesling. It does in that type of shelter, yes. Of course, in 
the case of community shelters, that is particularly true because 
one has to have sufficient notice to get to the shelter. 

Mr. Moore. Dr. Kiesling, thank you, sir. Dr. Meade, you indi- 
cated — and I wrote this down and this is not an exact quote, but 
correct me if I am wrong, but I think it is close to what you said — 
injury rate for manufactured housing buildings is 20 times higher. 

Dr. Meade. These are data from scientists at NOAA, the Na- 
tional Oceanographic and Atmospheric Administration, and in look- 
ing at injury and death rates from tornadoes specifically and look- 
ing at the history of the death rates from tornadoes over the past 
century or so, in recent years they estimate that the death rate for 
manufactured homes is 20 times higher than that from conven- 
tional homes, yes. I can send you a detailed reference of that, if you 
would like, sir. 

Mr. Moore. Thank you. Mr. Shofner, in your testimony you 
talked about hurricanes and not as much about tornadoes and I 
think you indicated that you didn’t have as much data; is that cor- 
rect? 

Mr. Shofner. Yes. 

Mr. Moore. Does your industry generally view these two types 
of storms differently? If I am in Lubbock, Texas, or Kansas City 
can I purchase coverage for tornado damage without purchasing 
coverage for hurricanes? 

Mr. Shofner. Well, the hurricanes, normally that coverage is 
normally directed toward property that is located in tier one and 
tier two counties. That is what we refer to as coastline and just in- 
side the coastline. 

Mr. Moore. Okay. So I guess the answer is yes. 

Mr. Shofner. Yes. 

Mr. Moore. All right. If the Federal Government were to fund 
a serious program for wind hazard research and reduction or miti- 
gation of damages, do you believe insurance companies would real- 
ly use that information 

Mr. Shofner. I believe they would. 

Mr. Moore [continuing]. In setting rates? 

Mr. Shofner. Yes, I believe they would. One of the things that 
you would have to keep in mind is obviously — and I have discussed 
this, touched on this — is that the cost of construction to meet these 
qualifications, obviously from an insurance standpoint, we have to 
insure reconstruction costs. So naturally as that cost of construc- 
tion increases, the premiums increase. But your overall incentive, 
I think, is underlying in that it makes the risk actually more mar- 
ketable to the insurance companies for their most aggressive rates 
that they have. 

Mr. Moore. Thank you. Mr. Chairman, I have one more ques- 
tion. My time is up, but can I ask one more question. 

Mr. Neugebauer. Sure. 

Mr. Moore. I think one of you mentioned — I don’t know who it 
was and please, whoever knows this information, if you do, jump 
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in — that there was a lot more research money devoted toward hur- 
ricanes than tornadoes — I’m sorry, earthquakes than tornadoes. 
Did somebody talk about that or did I read that in some of your 
materials? 

Dr. Meade. Actually, in the RAND study we pointed out that 
roughly 85 percent of all the funding went toward weather-related 
hazards and the second part was kind of gray. It was educational, 
and that’s an order of magnitude less than the weather-related 
hazards and so the difference, of course, between earthquakes and 
weather is that there is no earthquake prediction going on, but 
there is a lot of weather forecasting work going on. 

Mr. Moore. Okay. Thank you, Mr. Chairman. 

Mr. Neugebauer. Prior to lunch today we had the opportunity 
to go out and tour a reinforced home under construction and then 
we visited one that was completed and during that process the 
builder of that home was at the site and it is about an 1,100 square 
foot home and the perimeter walls are foam forms with concrete 
poured in the center of those foam blocks. In this facility it also 
had an in-home closet for a tornado shelter. The approximate cost 
of that was about $9,000 over conventional construction and one of 
the questions that we began to talk about during that process was, 
you know, what kind of recognition is there in the insurance indus- 
try for the fact that this house is much more fortified, wind resist- 
ant, and storm resistant than the house sitting next to it? And one 
of the ladies there that administers the program at the City Com- 
munity Development said that they had to shop around and could 
not really get a quote that would give any recognition for that until 
after they had made some calls to another part of the country 
where they had been doing some homes like that and were able to 
identify a company that would write that. Because the important 
part of that, when you take that $9,000 and amortize it in today’s 
rates, that is probably a four or five — a $50 or $60 increase in the 
payment. Maybe not that much at these rates, but one of the 
things that she said when they finally did get an insurance quote, 
that it was about 50 percent of a conventional quote for the homes, 
conventional construction. 

I think one of the things that is the secret to us really getting 
some meaningful research and development is getting the recogni- 
tion in the market place that this kind of mitigation should be tak- 
ing place and that there is a reward for the homeowner that says, 
you know, I am going to buy the more fortified home and the way 
I am going to pay for part of that — maybe it doesn’t amortize all 
of it, but possibly it could, depending on the interest rates and so 
forth. Mr. Shofner, what do you see as far as recognition of, for ex- 
ample, some of the coastal areas and bringing into some mitigation 
efforts in the insurance industry rewarding that? 

Mr. Shofner. Well, I think one of the things that would have to 
be done initially is that there would have to be some education put 
in place to, obviously, consumers, but also the companies. Just re- 
cently most everyone in the State of Texas is aware of the fact that 
they gave — they have allowed for a credit for different types of hail 
resistant roofs. 

They classify a specific roof based on what you would place and 
they will give a credit based on that roof if they have filed with the 
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state to offer that credit. That’s the other thing why a tie to edu- 
cating the companies, is that the more information that they have 
that is being done to mitigate these types of losses, then they can 
go in and make an effort to make a filing with the Department of 
Insurance in the state that they are located in to offer an appro- 
priate credit for what they are doing. 

Mr. Neugebauer. And one of the other things, I think in testi- 
mony, and maybe it was yours or somebody else’s, we were talking 
about who’s doing research in this and it looks like most of the re- 
search is falling upon the Federal Government right now. The in- 
surance industry within itself is really not doing much research 
and yet we also hear that they’re reluctant to share some of their 
loss data with researchers that are actually doing that. What kinds 
of things do you think we can do to bring together — I am a great 
believer in public/private partnerships because my experience is 
when things are just in the private sector, I mean just in the public 
sector without private sector participation, they are slower to get 
off the ground because ultimately the goal here is some commer- 
cialization of the research that is going on here. How can we foster 
that? 

Mr. Shofner. That is a tough question. I think when we have 
the answer to that, then we will have achieved a lot in overcoming 
the issues that we are talking about here today. 

I could probably — Do you mind if I defer to a gentlemen to ask 
a quick question. 

Mr. Neugebauer. Sure. 

Mr. Shofner. I apologize. 

Thank you very much for allowing me to do that. One thing we 
could do is determine, show the company, and like I said this goes 
back to the education of the companies. If we can show them how 
they can save in a specific area by giving these credits over the 
long haul, I feel like that they would become more aggressive in 
their approach to offering these credits, if they see what other com- 
panies are able to do and how much money they are actually able 
to save as these storms occur. 

Mr. Moore. Okay. Thank you, Mr. Chairman. 

Maybe it was you, Dr. Bienkiewicz — if it was somebody else, for- 
give me — but you testified or I read in the materials that a signifi- 
cant portion of the loss, the economic loss, will come from interrup- 
tions in business operations. Did you touch on that in some of your 
materials? 

Dr. Bienkiewicz. Yes. 

Mr. Moore. What can we do, if anything, to guard against that, 
protect against that economic loss from interruption to business? 

Dr. Bienkiewicz. There are several elements which one should 
refer to. First of all, mitigation measures before it even happens so 
that there are no interruptions in business. One of the examples 
which we are facing, that was approached by the state agencies in 
one of the western states, is that frequently transportation is af- 
fected by high wind effects and then the transfer of goods from 
West to East Coast is really suffering because of costs. So there are 
regional issues which state agencies and businesses are facing and 
I suppose if the region beyond hurricane and tornado alleys and 
hurricane zones would be identified if we want true, true mitiga- 
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tion of a lot of our problems, that would significantly minimize pro- 
fessional exceptions to business and examples of application. 

Mr. Moore. Thank you, sir. Dr. Kiesling and anybody else who 
wants to join, if you have something to offer here, I would like to 
hear your thoughts as well. We talked, one of my earlier questions 
you answered about safe homes for private homes. What about peo- 
ple, low income folks who live in our communities? What do we do 
to protect low income people who can’t afford the $3,000 to $6,000 
for either new construction or retrofitting? How do we protect those 
folks? 

Dr. Kiesling. This is a real challenge and unfortunately some of 
them live in the most vulnerable homes so that the community 
shelter offers one solution. And we are seeing, particularly in your 
state, more and more community shelters being built in schools 
and in manufactured housing parks. I think Wichita probably has 
one of the only ordinances that requires the construction of commu- 
nity shelters in manufactured housing parks and many of those low 
income people live there. There is no simple solution I know of to 
that. Though I would also remark that the incentive grants have 
a tremendous stimulus to shelter construction and certainly anyone 
can offer, can get the protection fairly economically. It may not be 
the most aesthetic thing, but after the Oklahoma City tornadoes, 
for example, and the incentive grants there, many people just 
bought concrete boxes to sit in the back yard. They are not opti- 
mum, they’re not ideal, but many people were in there when the 
next tornado came through and they performed okay. So there are 
more economical shelters available and furthermore the small in- 
centive grants can make a great deal of difference in making them 
available. 

Mr. Moore. Incentive grants from the government? 

Dr. Kiesling. Well, of course, most of the stimulus has come to 
date under the Stafford Act after a disaster when a percentage of 
the relief and recovery funds go into mitigation and the states have 
chosen to make incentive grants available. In some states, Arkan- 
sas for example, the state annually appropriates money for shelter 
incentive grants and they make small grants, a thousand dollars, 
but they always have more takers than — so they might come from 
anywhere, but certainly I think that is an area in which the states 
could be more active. 

Mr. Moore. You mentioned construction of these safe homes or 
some sort of community shelter in some of the manufactured home 
places. You mentioned the Wichita thing. 

Is that happening in other places around the country? 

Dr. Kiesling. Not to the same extent that I know of. I would also 
mention there that I understand that a bill was just signed into 
law in December. 

Mr. Moore. Okay. 

Dr. Kiesling. That HUD will provide monies for shelter incen- 
tive grants. It’s not a large amount of money, but it is a beginning 
and that can be very significant and I think they are aiming at the 
low income families. 

Mr. Moore. Thank you, Dr. Kiesling. May I have one more ques- 
tion, Mr. Chairman. 

Mr. Neugebauer. Yes, sir. Go ahead. 
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Mr. Moore. Obviously the last two years we thought a whole lot 
in this country about homeland security. How does that tie in or 
can that tie in with some of these safe homes and other things? Is 
there a way to make dual use of that? Anybody? 

Dr. Kiesling. Well, we think so; that is, the safe room, for exam- 
ple, can readily be retrofitted to protect against chemical and bio- 
logical hazards, relatively inexpensively, I think. I see some poten- 
tial for that. They are also, of course, much more resistant to blast, 
but I don’t see that as much of an advantage in our residence. I’m 
not likely to have a warning when a blast will come. So I think 
there is some cross-advantages there that can be taken advantage 
of. 

Mr. Moore. Thank you, Mr. Chairman. 

Mr. Neugebauer. Yes, sir. One of the things that was, I think, 
a common thread in your recommendations as each one of you 
talked about where we go from here and I think one of those was, 
you know, a more organized structure for the research and develop- 
ment that is going on right now. We had a little bit of discussion 
back at our lunch table today and that really kind of maybe goes 
to the point of, if we move forward from here with some meaningful 
research dollars, you know, what is the best oversight agency for 
this type of research? Dr. Meade. 

Dr. Meade. Well, that is a difficult question because you have — 
you generally have agencies that are doing research right now and 
that would primarily be the National Science Foundation and 
NIST, the National Institute of Standards and Technology. Does 
that translate into the best agency for the oversight? I’m not sure. 
And so, you know, going to the NEHRP problem, you have FEMA 
as the oversight agency, but of course there are no R&D dollars 
whatsoever within FEMA. Maybe a similar structure would be ap- 
propriate, but a lot of this gets into goals that you hope to accom- 
plish in this research program. In other words — and you talked 
yourself about what do you want the outcomes to be in five to 10 
years. So sometimes gaining the outcomes might require a different 
agency to carry out the oversight function as opposed to those who 
are executing them, the actual R&D mission. A safe bet is that 
there will probably be more than one agency involved and so the 
question is how do you coordinate it. 

Mr. Neugebauer. Dr. Bienkiewicz. 

Dr. Bienkiewicz. It is my understanding that there is already 
discussion on the authorization for NEHRP, recent discussion in 
the House, but the need to put out with the NEHRP was moved 
from FEMA to NIST and as far as I can understand from discus- 
sion, a different region of FEMA now being under Homeland Secu- 
rity Department, but also from my perspective, NIST probably is 
on the side of implementation and codes and standardization so, of 
course, it seems to be an appropriate place, but it is tough for me 
to make. 

Mr. Neugebauer. One of the things I think — and I think you 
mentioned two agencies. One of the things that, and this is a per- 
sonal opinion, is that when we get multiple agencies overseeing, 
sometimes when we just have one agency overseeing things it is 
onerous, but if you really want something to get real onerous, you 
assign multiple agencies. 
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Mr. Moore. Just your personal opinion? A lot of people share 
that. 

Mr. Neugebauer. And the other thing is too, if we start getting 
two or three different, you know, groups in and they may have dif- 
ferent committee oversight and then first thing you know, we can’t 
trace where the money is going, there is no accountability, and so 
it is my personal opinion that we identify an agency and task them 
with a broad task of, you know, talking about, you know, from kind 
of A to Z, from the research to the implementation and actually the 
commercialization of that. And I would task that agency that we 
have to have the private sector at different levels. And I know that 
some of the research that Texas Tech has done, I think the Na- 
tional Building Institute, the homebuilders at the national level, 
getting some money to or toward some granting opportunities, are 
working in connection with that. 

I think you have to bring all of those people to the table if you 
are going to get an outcome that will be accepted in the market 
place. Ernie, you want to reflect on that? 

Dr. Kiesling. I was simply going to suggest, in answer to your 
earlier question, that to me a critical element is the language of the 
bill creating this thing so that the agency administering it has the 
ability to respond to the broad spectrum of research that needs to 
be done and is not limited by their mission. My sense would be 
that you can take care of a lot of that in drafting the language of 
the bill itself. I’ve read the House Bill 2020 and I think it does 
cover a lot of areas and would enable whatever agency to put it, 
to sponsor the kind of research that needs to be done. 

Mr. Neugebauer. Anybody else. 

Dr. Bienkiewicz. I think that some of these issues were ad- 
dressed in Bill 2020 and cross-integration of the activities and the 
agencies. 

Mr. Moore. Kind of getting down to nuts and bolts for just a 
minute. We’ve talked covering a number of different areas here, 
but I guess I wanted to ask, just in terms of what people, indi- 
vidual homeowners might do, either in retrofitting or home build- 
ers of new construction, what techniques are available to build 
stronger homes that will withstand wind damage and is it cost ef- 
fective? Are people just spending unnecessarily if they try to put 
a few extra dollars into strengthening roof systems, for example, or 
walls? Can somebody talk about that? Is it going to keep claims 
from being made, is it going to be recognized by the insurance in- 
dustry as we might not have to pay as much money out in a situa- 
tion like this and therefore rates are going to go down? Dr. 
Kiesling. 

Dr. Kiesling. I think that is an appropriate challenge for the re- 
search community and then we can say that there are some meas- 
ures, more if you’ve got connections, stronger connections of roof to 
wall, wall to floor. 

Mr. Moore. Connections in what respect? How would that hap- 
pen? 

Dr. Kiesling. Well, there are so-called hurricane clips that you 
can use and they would work well in any kind of wind and those 
are so economical and so easily done that there is little question, 
I think, about the long-term economic benefit of that. 
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Mr. Moore. If they are so economical, why wouldn’t people in 
wind territories now be using them? 

Dr. Kiesling. They do use them pretty extensively in hurricanes 
because there the public is convinced of the high probability of oc- 
currence during the lifetime of the house. 

In the tornado regions, again they are not that convinced of that, 
but I think it is the research community’s challenge and obligation 
to provide reliable data and it takes a long time to accumulate that 
because you have to have an event before you can assess the effec- 
tiveness of it, basically, or verify the effectiveness of it. But I think 
we need to get reliable information to the homeowner and to the 
insurance companies as to what is the benefit and that is a big 
challenge. And it depends obviously upon the locale as well, the 
probability of the occurrence of a wind event. So if we go on a scale, 
we can readily say that some things we know are now effective, but 
other measures we would have to do some research to be able to 
say what is the effectiveness. 

Mr. Moore. Anybody else have a comment on this? 

Mr. Shofner. I would agree with Dr. Kiesling. I mean, I think 
it would just take a lot of research efforts to be able to provide in- 
formation to the insurance companies and put that information in 
front of their actuarials where they can properly look at it and see 
what the actual claims dollars that are going out to those loss site 
areas for homes that maybe aren’t retrofitted or constructed to that 
quality as compared to the ones that are. And then over the time 
period, hopefully they would be able to see a necessity and see the 
advantages of being able to offer those credits. 

Mr. Moore. Dr. Bienkiewicz. 

Dr. Bienkiewicz. Yes, I would like to extend this discussion to 
beyond single-home dwellings and into engineered buildings. If we 
need to begin in hurricane regions, they have none of the systems 
which allow you to reduce net load impacting components of build- 
ings. When you make a single-family move, you have reduction and 
you can design a retrofit roof which will perform well and will meet 
current specifications for a region. So the need is urgent and I 
think we need to invest more money to improving them. 

Mr. Moore. Dr. Meade, anything? 

Dr. Meade. I don’t think I have anything. 

Mr. Moore. I guess not to push, but to push a little bit, we have 
been having hurricanes and tornadoes for a few years around this 
world and we have been, people have suffered a lot of losses, in- 
cluding loss of property and loss of life. Is there any way to expe- 
dite this process? How do we hurry this up so we can save more 
dollars and lives in the future. Anybody? Yes, sir, Dr. Meade. 

Dr. Meade. I offer the opinion that if you can make it so that 
people can benefit more, even though the hurricanes and tornadoes 
do not occur every year, as Dr. Kiesling pointed out that the work- 
ing probability is that a hurricane will hit a house once in its life- 
time, but even so, that is a difficult catalyst for most homeowners 
and so you really need to see it reflected in a month to month or 
year to year basis in their insurance premiums so that it is in their 
economic interest to 

Mr. Moore. So it comes down to money, doesn’t it? 

Dr. Meade. It totally comes down to money. 
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Mr. Moore. Well, we don’t have that problem in Congress, I’ll 
tell you. 

Mr. Neugebauer. I think to continue the dialogue we have been 
having, I think where I am personally, coming from the private sec- 
tor for a number of years before getting to Congress is, you know, 
you have got to have an entrance strategy and then what we call 
an exit strategy. I think what the Congressman was talking about, 
what is our exit strategy here, when do we get to the point where 
we have some stuff that is cost effective that we can implement 
and we can get that information out to the private sector so they 
can start building and implementing this on a broader basis? I 
know we are building homes today in Lubbock with the in-house 
shelter that Dr. Kiesling has been working on, but I don’t know 
how much retrofitting we are actually doing and probably the ret- 
rofit is probably the bigger piece of the pie. Certainly from this 
point forward, the new construction, it is easy to do that, but what 
kind of research are you doing on mitigation structures that, I don’t 
want to oversimplify it, but you are almost going to have to, to me, 
to get it where you can go down to Lowe’s or one of the building 
supply places and get a kit that that homeowner can take home 
and install in their home or get installed on a relatively inexpen- 
sive and quick basis without this major, you know, reorganization 
of their home. 

Dr. Meade. Your comment is correct that it would be a lot easier 
if you could go down to Lowe’s and buy something off the shelf, 
ideally something that would come, for example, from the recent 
program that you are talking about. But it does come down to dol- 
lars and cents. For example, you can go down to Lowe’s right now 
and you can buy insulation, which you will put in your house and 
which will decrease your energy bill. People will do that because 
they can see that it does decrease their energy bill. They don’t go 
and buy insulation as part of being a good citizen. So the idea is 
there needs to be some mechanism in place for them to go down 
and make this investment in wind mitigation technology that it 
will have some sort of payback to them and payback has to hope- 
fully occur before the next tornado or before the next hurricane be- 
cause if you are waiting for them, if they are making a bet, so to 
speak, that a hurricane is going to occur, a tornado is going to 
occur next year, that’s — not too many people are going to purchase 
it, no. 

Mr. Neugebauer. Go ahead and then, Ernie, we will to go you. 

Dr. Kiesling. I think another difficulty there is that how can 
that benefit come without say a reduction in insurance premiums 
and how can the insurance company assess the value of that in- 
vestment or improvement made? So that is a difficult thing to do 
and I guess education is the answer we would give to nearly all 
questions. But as you mentioned, it comes down to economics in 
the end and it may be unrealistic to expect the scenario that you 
just presented. 

Mr. Neugebauer. Mr. Shofner. 

Mr. Shofner. I also believe if there were stricter building codes 
that were mandated, I think that insurance companies would see 
that information as a positive step and I think they would move 
quicker from that standpoint to react to what people are doing 
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proactively to try to limit their losses and I think in return they 
would go out and try to see what they could do from an incentive 
on the other side. I think it would just be a quicker step. 

Mr. Neugebauer. Well, I know that the insurance company is 
recognizing, for example, I think if you have a certain kind of lock, 
dead bolt locks, and if you’ve got an alarm system in your home, 
now we’ve gone to roof structures, I mean, so it is not, we are not 
setting any precedent here. 

But what I heard you saying earlier is that there is really not 
tangible evidence, or the perception in the industry is that there 
is not tangible evidence, that insuring house 541888 and 542088 
and one of them has, you know, a different structural, a more rigid 
structure, that it is less of an insurance risk than the one next door 
that is conventional, that there is just not recognition in the mar- 
ketplace. 

Mr. Shofner. Currently right now there is not, unless it is a 
large difference in risk. When you are talking about two homes 
that are right next to each other, in my opinion, no, there’s not, but 
if you have a home that is inside the city limits from versus one 
that is just outside the city limits, that could create a difference 
there because 

Dr. Meade. Well, maybe known to several parts of the insurance 
industry. It is certainly not known to homeowners, but it is known, 
for example, that if you go out and buy a red sports car, you are 
going to pay more insurance than you are if you are going to go 
out and just buy a standard sedan of some sort. Or you know that 
if you have young children who are driving in your household, your 
insurance rates go up. 

Mr. Neugebauer. I have experienced that, both the red sports 
car and the children. 

Dr. Bienkiewicz, did you want to add anything to that? 

Dr. Bienkiewicz. I would like to make a comment about a na- 
tional program which I developed which would help out industry as 
well as practicing engineers. And I brought with me, it is an older 
version of the NEHRP provisions. This is one volume. There is an- 
other volume coming and it has been revised several times. It is 
a tangible product coming from that program. It provides bolts and 
nuts related to design and details and so on and so forth. Now 
when we talk to practicing engineers, there are some codes, and 
there are some others, so we can provide the toolboxes. This is one 
of the examples. 

Mr. Neugebauer. Would you like to enter that as part of your 
testimony? 

Dr. Bienkiewicz. Yes. 

[Note: Information referred to is “NEHRP Recommended Provi- 
sions for Seismic Regulations for New Buildings and Other Struc- 
tures,” 1997 ed., Part 1: Provisions (FEMA 302), http:// 
www.bssconline.org/pdfs/fema302a.pdf] 

Mr. Neugebauer. Okay. That would be fine. My time is up. 

Mr. Moore. Thank you, Mr. Chairman. Some have alleged and 
I think we have made reference to this without — I guess we have 
mentioned the number, but HR 2020, Hurricane and Tornado Re- 
lated Hazards Research Act Summary, and the Congressman here 
is one of the co-sponsors, as are many of the Members of Congress 
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here in Texas, in Kansas, and other places where you would expect 
to have wind damage. And I guess I would ask all of you, if you 
have national associations — I know some of you certainly do — to 
contact your national association and ask some of the Members of 
Congress to sign on to this because if this gets passed, what it 
does, obviously — there is a handout back there somewhere as to the 
bill and shows the current bill sponsors on there — but it requires 
the Director of the Office of Science and Technology Policy to estab- 
lish an interagency group to be responsible for the development 
and implementation of a coordinated hazard reduction and re- 
search development and technology transfer program to achieve 
major measurable reductions in losses within 10 years. And it is in- 
teresting to me to hear representative Shofner from the insurance 
industry here talk about the need for stricter code standards. And 
sometimes people get upset when Congress or other governmental 
agencies mandate additional regulations or requirements, but, I 
mean, there is, maybe we have to balance it out and work it out 
here. By the same token, I guess, we would, I think, really like to 
see — this is certainly not a shot at Mr. Shofner — we would like to 
see the insurance industry moving in this area and doing their own 
research as well, coming up with answers to some of this. And if 
the information is available and it does warrant a reduction in pre- 
miums for insurance, then if the insurance industry recognizes and 
conveys the information to the homeowner, or other people, that 
you are going to get a reduced premium if you do these things in 
construction or retrofitting, then it might well be worth it and we 
all save money and more importantly, lives, because we can replace 
property, but we can’t replace lives. Any other comments on that? 
I’m not trying to lecture here. I’m just — we are having a discussion, 
I guess. 

Dr. Kiesling. I would simply repeat my earlier point that any 
incentive is highly significant in terms of improvements. And we’ve 
seen where over and over, shelters and other things, where any 
time we can offer an incentive of any type, be it in financing, be 
it in cost reduction of operation, participating in the initial cost, 
whatever it is — another tax abatement is working pretty well in 
some areas, where say the cost of improvement is not taxed and 
so forth — and so I think whatever can be used — I think maybe 
what may be more significant than the dollar value of that is the 
educational value of letting the customer and the homeowner know 
that there is a benefit to their making that investment. 

Mr. Moore. Mr. Chairman? Any questions. 

Mr. Neugebauer. You know, we are having this dialogue, and 
as I was reading the testimony, a couple of things kind of started 
crystallizing for me. As we look at the mitigation aspects of it, we 
have life and we have property and in Ernie’s, Dr. Riesling’s safe 
house or safe room, you know, the primary emphasis there is life. 
And because in a major tornado, I don’t know what, and maybe you 
have done some testing on these reinforced concrete houses, how 
much that structure survives in a tornado. In a hurricane, though, 
the structural aspects of it seem to be easier to mitigate, are more 
mitigatable than, you know a category 4-5 in a tornado. So you 
begin to put that research together. 
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Do you see different goals and objectives in the hurricane side as 
you are doing the tornado side? Obviously, up to a certain level of 
winds, on the perimeter of the tornado, you are dealing, you know, 
with the same wind issue. Are there different goals in some ways 
there? 

Dr. Kiesling. Well, certainly there are differences and I would 
suggest that in tornado regions, perhaps more important than loss 
of life is the reduction in anxiety. Because when you look at the 
statistics, the number of deaths from tornadoes is significant cer- 
tainly, and we want to save those lives, but I think a much greater 
cost might be the anxiety and the loss of productivity, the health 
problems and so forth created by the anxiety. And so I think that 
is a strong justification for the safe room. Whereas in a hurricane 
region, it is much more of a reality that it is going to occur. And 
I think there are differences in requirements and design criteria 
and we have a long ways to go in optimizing the designs of build- 
ings and shelters for the particular application. Shelters have not 
been popular until recently in hurricane regions and so I think we 
will see a lot of evolution there in the next few years. I am walking 
all around your question, but I — certainly there are many similar- 
ities and differences, but I think the objectives are somewhat dif- 
ferent in the economics of it because of the higher probability of oc- 
currence in hurricanes. 

Mr. Neugebauer. Dr. Meade. 

Dr. Meade. Well, you simply have much more time to con- 
template the hurricane than you do the tornado and so people 
know about advancing hurricanes usually 48 hours, 72 hours be- 
forehand and so all kinds of actions are taken to prepare them- 
selves. As Dr. Kiesling was pointing out, the really frantic, last- 
minute preparations that are taking place for a tornado and you 
are basically trying to save lives if it is bearing down hard enough. 

Mr. Neugebauer. Yeah, I was just thinking that, and this is in 
very simple terms, so if I live on the coast, what I am thinking is 
I am working at my house and I’m nailing up the shutters and I’m 
putting the plywood up there and really what I am worried about 
is — I’m going to evacuate — what I am worried about is when I come 
back, you know, how much of my personal belongings or my home 
is going to be intact? 

Dr. Meade. But you can do that because of the nature of the 
events, right. 

Mr. Neugebauer. But with a tornado, I only really have one 
thing on my mind and that is my personal safety, you know, be- 
cause, as Ernie says, it is a quick event, it is going to be intense, 
most likely, and then it is going to be over and I would think that 
most people, when they go to a tornado shelter, are not worried 
about whether their house is going to be — I mean it’s certainly a 
thought, but they are more concerned at that moment of their per- 
sonal safety. 

Dr. Meade. Right. The economic losses from tornadoes is still 
quiet significant. Again, whatever differences between mine and 
Mr. Shofner’s testimony can only be indicative of the difficult state 
of the data on this problem, but the estimated annualized losses of 
hurricanes are more than $5 billion a year and those for tornadoes 
only were at $1 billion a year so it is still a big number. 
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Mr. Neugebauer. Still a big number. 

Dr. Bienkiewicz. I would like to make a comment that the ma- 
jority of tornadoes are not extremely strong so if you look from a 
statistical point of view, we could reduce the amount of damage of 
tornadoes. I took part in a field trip last year in Kansas. Saw sev- 
eral tornadoes, hundreds of tornadoes, and some of them seemed 
to be not very strong, but nevertheless damage was quite signifi- 
cant. We look to develop new construction as well as old construc- 
tion. Old construction, a lack of connecting structure to foundation 
or connecting roofs to walls — well, I won’t get off on that. But then 
there is new construction, new developments and the issue of soft 
floor, the issue of additions and maybe last-minute modifications of 
construction and then we can build a room that can stand internal 
pressure like that in the process. Then we notice some problems 
with buildings that seem to be engineered, they seem to have flaws 
in design. So I think that we need more data resulting, documented 
data resulting from event investigations. We can learn a lot. There 
are some designs which are used in the whole country and you can 
see that under this one extreme condition, you can see the weak 
spots. So I see similarity in our efforts to reduce damage as we con- 
sider hurricanes or tornadoes, but not extreme, but those which 
occur most quickly. 

Mr. Moore. I don’t know that I have as many questions as an- 
other comment and if it provokes anything we’re going to stop for 
a minute, but we talk in Congress a lot about values and how we 
value education, we value our troops, and we value all this and 
that. What I usually find is we really spend our money where we 
really believe our values are, not just what we talk about. And cer- 
tainly life is important. I think all of us acknowledge that, pro- 
tecting human life from unnecessary loss of life in situations like 
this. And early warning can certainly aid in reducing the loss of 
human life in situations where there is a tornado and these weath- 
er radios that have come out recently, those — I mean, they cost $20 
or something. If people have those and can get the information im- 
mediately, they can take shelter if they have shelter in their homes 
or wherever they are living. And obviously there is an education 
component to all this and many people in the population now un- 
derstand what they need to do to protect themselves and that is 
really cost effective that measures can be taken to protect life. 

Beyond that, I think we have discussed here today that there are 
some things in construction, new construction and retrofitting, that 
we can do that will fortify and strengthen homes or building struc- 
tures. That again is going to protect life and property. 

And it is sort of frustrating here because we know what needs 
to be done and I think we just kind of need to make this happen, 
legislation or something similar to this in Congress that will get 
the study done to gather the data that needs to be provided to the 
insurance industry to give some incentives back to people and 
maybe, you know, the Congress can hear and our colleagues, we 
can talk about other things that we can do as far as incentives. But 
it does come down to, as one of you said, to money in a lot of situa- 
tions. We just need to say that we value the things we’re talking 
about here today and we’re willing to make a commitment, a rea- 
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sonable commitment, to spend some funds to make sure that these 
things are protected, life and property, and most of all life. 

That is my closing statement. I am not trying to shut this down. 
I am inviting comments, if other people have comments, or the 
Congressman as well. 

Dr. Meade. I would re-emphasize need and now different haz- 
ards — we deal with a lot of floods and people know that it is more 
predictable that you are going to get flooded if you live in a flood 
plain. Nevertheless people continue to live there and we continue 
to have a lot of development there 

Mr. Moore. Because you can buy homes cheaper there. 

Dr. Meade. Exactly. There are different opinions and I mean 
there are lots of other discussion going on in Congress about why 
those incentives are all messed up, but even still, in a situation 
where people know about the hazard, even still they don’t take 
steps and there is plenty of technology to solve the problem, but 
again, they need to be incentivized. 

So there is an analogy here certainly that living in certain parts 
of the country, you know that you are subjected to wind hazards 
and that you have a reasonable probability of suffering under that, 
but you need to be incentivized still to take action to solve that 
problem for yourself. 

Mr. Shofner. I just would like to add that that is one of the hur- 
dles that insurance companies face in that Texas is unique because 
it’s what I call a triple-threat state. 

There’s a handful of other states that have the same deals, but 
in Texas we’re exposed to hurricanes, tornadoes, and hail, which a 
lot of states are not. And so with hurricanes there is a lot of re- 
search done as far as being able to determine possibly when our 
coastline may be hit from a hurricane and what size and what have 
you, but it is very difficult for insurance companies and actuaries 
to determine if a tornado were to pop up, where it might be and 
when the next hailstorm is going to come up so those are the 
things that I know they are trying to work on. 

Mr. Moore. Well, we’ve got quite a coastline in Kansas, but for- 
tunately we don’t have too many hurricanes. 

Mr. Neugebauer. Any other final comments by any of the panel- 
ists? 

Dr. Kiesling. We’d simply plead for patience because it is a very, 
very complex problem and certainly building the research infra- 
structure to address that problem is not a short-term process. For 
example, we are graduating very few people who are capable of as- 
sessing the hazards and the risks in their areas and then come up 
with the solutions for it. And then it takes a long time to build an 
academic program to do effective research. I think again the action 
that you are contemplating can be very, very significant there be- 
cause an important element in developing programs and in attract- 
ing faculty to them and so forth, an important consideration is the 
prospect of long-term funding. I don’t know a person that can go 
into the research business without some hope that there is going 
to be a future in that area. So it is going to take a long time and 
we can best probably address the quality issues in housing through 
building codes, but that too is a slow process and, as you pointed 
out, I think we’re replacing only about one percent of our housing 



65 


inventory per year. So the results are not going to be coming quick- 
ly, but we must take the first steps and begin to turn it around. 
I think in terms of curbing the damages, rather than reversing 
them, because it is a long-term process that is not going to be easy 
to solve. 

Mr. Moore. Randy, may I have one more minute. 

Mr. Neugebauer. Sure. 

Mr. Moore. Mr. Chairman said was that your final statement 
and I said well, maybe it was, but I would like to just kind of sum 
up here for myself. I’m certainly not trying to shut this down again. 
I just want to thank the Congressman here for convening this very, 
very important hearing. I want to thank our witnesses. All of you 
have been very good, to my knowledge, about what happens here 
and what needs to happen in the future. I really mean that sin- 
cerely and I appreciate your expertise that you shared with us here 
today and I appreciate the audience being here. Frankly, it’s help- 
ful to have the news media out because the extent that this kind 
of hearing is covered and the people in this area and around the 
country understand and know that there are things they can do to 
protect themselves is going to assist what we are trying to accom- 
plish here. So again, thank you, Mr. Chairman. 

Mr. Neugebauer. Well, thank the Congressman from Kansas for 
coming and his interest in this issue. I would just close by saying 
that I appreciate all of the witnesses that came and took time out 
of your business schedules. I feel like we had the “A” panel today 
to discuss this issue. Obviously, many of you are recognized as 
being on the forefront of this very important research. I thank the 
folks in the audience that came and I hope that you found this dis- 
cussion as interesting as I did. I think from my perspective, and 
I think I’ve stated this, is I think we need to move forward with 
a program and I think Dr. Kiesling summed up one of the impor- 
tant aspects, that it is a sustainable program so that we know how 
many dollars are going to be available for this kind of research and 
so if there is not an infrastructure in place, that that infrastructure 
can be put in place to sustain long-term research in that respect. 

I also believe very strongly that we are going to have to bring 
more private sector involvement into this process because in the 
final analysis, they are going to have to be the ones that build it 
and market it to people that are going to utilize it. I think we have 
to bring our friends in the insurance industry into this because 
they are — they have a risk, they have a financial interest in this, 
and I think that they can probably share some insight and help 
with some of the modeling. 

I heard at lunch today, talking about how do we model these 
events and to determine and to develop an economic model deter- 
mining whether certain things are really economic or not. One of 
the things that I think makes this a difficult subject for commer- 
cialization is that people are insuring a risk or are spending money 
to mitigate a risk that may never actually materialize and people 
are more, in our country, are more into, I am interested in the 
problem that I have today. When you tell them what the odds are 
that they are going to experience a tornado or odds are that they 
are going to experience a hurricane, you know, those odds are pret- 
ty low. 
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And so there are a lot of dynamics here that I think have to be 
worked out, but I think certainly bringing the private sector to the 
table and bringing the insurance industry adds some additional in- 
formation that is needed at this table. I look forward to working 
on some long-term solutions that make sense for our country and 
for our region. And so thank you and if there are not any other 
questions we are adjourned. 

[Whereupon, the Committee was adjourned.] 
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The highert Level <if tnnlerul itimagc ind lu» of lift: kit been ulnhucsd -.n (he 
UmlIllI Stilus 1i> liiirr.i'jrtM, cuoptCil IMtiBi. hjrmdues ur«d IhundeTsInrnii, 
Dev aili] ling effects. pr liindfnll of huiifi-ttiius- have been padmirilp limited Ifi the 
All ml:. util Gulf Cowl regions And the Umlutl Stiles torilmis. Tipnre I 4 
pmtideiii repres^ln:iveMtin|X*ir£itf humcan? tracks. 


Figutv } 4. r C&ttipiililr vf Hurricane Truc'lv. Siazwd.lfciy- i /rnr 
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Ll.ivunls due id KtnniLtoes and dinnderstonitf nre of pnncern Irs inhahiinnis of mnu 
gftfae llniled Sinks. Temlerial reneh of tornadoes is li usarakd in Huiane 1.5, 
where:.a.dislrLhin:irxi i>f [.■ni.iitove ihi scale!- hover 1 1 -i_- 5 1 i- year peril id is depicted. 



gin! 
are vow 

DM!.' IHW 
18BC 30Ci 
aofld-epffi 


Ftp // y I.S. Number qfT<miiidaexl>)i Stale (fPSQ-JOttlj, HazirHdMapx-pri 


Mil' IhijdiesL c.inini’K of InLiliLies ami injun.-t are illrhmjcl in lurnsdnex. 
.■1 lliin; jIi mosL iif Uic Isr^usL kmnadixs ucuim in Ihe iviliiil Unikii Sinks - I'm' 
i.i'mail:' ..Iky - L'.iniinlivi husk been rep a led k'lh wtaL and saM ri I hi: allay. 
F*uun: 1.5. Tumadcj touelidi'w m lauding to falfiCilka and darrojie in Maryland. 
Llali and ether Males ane .amid indieallDA}0('A wide KmUinol rearli vd'dvsl.Tuelive 
[imla doe*. 

TttfflCfinlj -of ihiindenaiMima occur (^ay wm alii iv-cr ihc Limed &iou». Smug 
wind* 3&5cci*cd wkh fnseafe of iliundsiitoninik an iim« *ieontofimed by 
wfmjJoB* jjust fronts *nl down bursts result in a. sjfljiiflcsnt ph!r&ic*l dRntsgc and 
human Mitlforinti LoraJ ioiwgrsfjliic fcnhircs mnj l«<) to Binpliiicfnion of swh 
winds, ihiis. wnnprtmding euIi ™ wind Mdumnin Hinges mny lend to 

ge-ncrUinn -nf Uhl* I cirying winds., sneli ns d men dope- C 'h.nnolt v. nil in Rn^ky 
Mi-.im.iin:,, Sank Anna wind in California anil str?f].U. windi in nurihueiuarri LI. S. 
and in A isle a. 

Overall (appro si mate) measeee dI' the pcnenLiul wind hi/.ird is represented K 
wind speed nap J inure I. ft depicts an e sample of such a imp. Wild pmviisKins 
□I' design axles and standards. siueh as Ike American Soc iely of Cival :.neirus.TX 
Si: i, laid ASCII T entitled “Minimum Design Leads liar Huildincs and 
SItul'Iukk - 1 (ASCE T) prut-iik Lhe recommended design wind speed naps, wilh 
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JiKlaiinasmiHriLlannx inlrvduLisil ?i» acccunL Air MnLurluinliex^ick »r reliable 
wind speed data. 
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Figure 1.6. Wawblonni WituI Speed SIM Year l-rp/Miuv Implil. 
lliizayilbiaps.spn- 


SUiriiT suruc ami heavy prmpilalim aeLumpanYinu hiaTKunca hvCli uunlribulu lu 
i.'VLTill damage unit haw a. potmlial lur L-auHiip lucss- ■. 1 1 lift; am! 4 iriullilude 
hiiig-ltTiit uiHk-iinrJ tHiil»vc|iKnk.w. h-edpliailtfl uswciaKd V^ilh ihdiidcTalumiS 
aiSl tmudlKe riui toll K> MVWf Uadi flooding arid 1 13 «.ilUffll«riSnil dtiljjefl- 

Oilier unfaired efteei* M&stlHLcd null nigh-windi ownes include Lthrufukins in 
trattsporlflikHi during ■* inw» swrirw (dm- tvni. it.juit- wid-w snon*ndHftsr f «Kimwr 
dun hwtlb and hoi I Hwink® *cll he adicrsc vOnd effects on liict- 


A.-; a nthulL nf Lingering public ami privalu uffnrL-i a r.ainhur rf wind hazards 
rnitijailirai measures hui" kin eev_-|,-p.d and pul in practice m consul and ulliur 
reeiiu:;-, Lliu United Stales. Thes: measures 1 1 a '. -j led lo significant rediiLlam in 
lalaiiLiL'-- allribukiS lu wind lia.-ards. mainly due !.- improved 'varnmu times and 
life pruU.i'limi sjaiems (Kliclkrsl in lomaik' prune rvgiurr-., and nnprun-cd 
ii'oci'iKir^! "j. I' hlMncane Iandk.il .‘,’ii! 111 1 . 1 rv effective ev-ieuMioii ntcusuiw in did 
AllSdHk and Giltf cG 0 £l dPtati of like (tailed Stales. at it- illuvlraled in Figdre ].?. 
IT11 shaded rectangle in lTk: figure coneeponds id ilit avctigc ntwalicy ax mid 
ceftfdry |« 2 <i-|'»bv. *vhwli ■> sealed L*.- ihc Jl-m mereta; in gouMnl population 
diirinj* ibe lasr tinlf ol the temury to yield an enimHle of 2 lir tenht- annually -f 
aocicty ‘4 response to hwresnes Itsd n« improved -niw I'Wfl, Wilfoughlw" 


*A'ind l-n*.ineermg Mck'nr. h nnd 1 1. .:r:-j«.h Pl.m 
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Muiriicaflfr MuiEJlity 



1 9DQ V3HI 194G 196G igau 2MD 

Ytar 

f.7. tfritogram cfU.S. ttttrrKUM! Ubirtaliiy md TeKas-Virfima 
f 1 apu!atim, WyHtmuhhy* 

A llhnuijli z imrsi'il pn:- r 'rc i' hi» heun jehieved in she jre;i nf [XuIiJlI iitn i*f life 
nu,jins1 ^ind ’.i ; i r-: I -■ and Ihc ■: 1 ■. >j n i ! I Irend - Diii3iiniii:il redindim in faLiliEies - ii 
»«y enoflurjginc. :m inland llml ufliiri k desired in achieve reduclKin n Mind 
LiuJweed pmpi^ly tnnscc. 

The dfflti m chew Iraws- hibir (lie alnnnipg irunci - iivwasinra ajnnuali.?dd 
- with increasbig rate of change In the loases, especially me r the paei decide, 


12 Harriers ta Keelaelflfi ValntraMHEj ft Wind Huardt 

In disfmaium uJ'Qie inaluriul oasts Dl'raluia] diimsltia, Ihu stulhura of line It AND 
!U'|vr) noted 3 sie-iilLonl icicrease ircp>rkc by iiACSL in 2002 > in Liu: disaske 
relief lundi alDnealud b^ rEMA: Irtim ST billion iwcr chu period. nl' IdTS fiQ (is 
i-ty billion iswt chi: nes.1 hvohc-ycor poind, Th.-- Irend is shown in nn: .Icij il 
ii I : igure I .It. 
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k*kis »s ifi iin 

Flgrtrv I.’' /Wrral 1 DmrM<- fti'ifcf Pap*Krrfx RAND Repvrt 

I he auilvrs- iocniitkd n isk"* n-idccd "taploding";) population m anas 
vuiflcrable k> natural hazards (a Klevant edge of eoaaial p&pulailoti is depleted In 
Hljjun: I 7} as HM3 of pnirtiiy rcasciiH for such a draiiiaLic increase in damage and 
(he u-.somi.xl relief funds. A silt’ll I'liMnl purlxw. of these funds hues hccu used lo 
olliLl. maler .-.I leases due Ui wind. hiAirdi. Il Isis been postulated lhal lht< abovc 
dcnuiurapciie Irend will cunlinue :nd iliaL sifnillranl measures need IuTh; urueni.ly 
undertaken iti order lo address die issue of she in. re.irdhu milcrial Ecishcs land 
associated relief funds I due In wind hruurds. 
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A nuiiiki of factor* impeding I'Miiijubonihl Oantwe d»c lo *ind and -adier lumtal 
hazards have betn nlcmificd by nanifdl I bmh h m kkgalki n tom in iitrl ty comp/isang 
of i cscarelLLTS and practitioners of broad huL'k^rxiund ij rename from natural and 
social sciences, engineering, and ccunvnncs), decision and policy- makers, and 
olhos. The dunam of ll e r evaluation incluckd research ind devclcpincnl. 
(echnolcyey transfer and inipleinenkuinn. as well is ouireudi and eduealiun. Some 
□F il jL impedimenta In effective ir iiiu.iiim ihf Irishes due lo lULimil (including 
wind | hazards were pendulated In he roup ed wilh lederil fundinu policies. Thf 
authors. of Ihc JtATJD Rcpixi concluded Lhnl in a uuinher of prog-rims explicit 
hn/.L-d loss reduclion .icrivilier, rece-neiL Ihe- lens* H.& I 1 fundiuc;, wh lr much of 

rhe sp^nrlinyi tuppined dwn-wrm pcedielion enpuhiliitiM of limited peteniinl lo 
kHijj-lenni lews rcdyciinn ihai -omuld improve ihe resilience -of eomnmnriliei nnd 
infrasinjewre, ami uli'UMMcly rcaili in subsiding I reduction of bract. A lariie 
dispui iry befW-CCll federal KAIJ funding a I I'.x'-jl.oJ N.m iliffereriL rVaUrtil lia.'inds 
a ho vi as noted. 
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As was reported before the Science Committee of the U.S. House of 
Representatives (testimony by Dr. McCabe, during hearing on October 11, 
200 1 5 ), the average annual overall federal investment in research to mitigate 
impacts of wind hazards is estimated to be $5-10 million. It is instructive to 
compare this amount with FY2001 funding allocations for fundamental research 
by National Science Foundation: Civil & Mechanical Systems: Wind - $2.6 
million, Earthquakes - $20.8 million; Atmospheric Sciences: Wind + Flood 
+Drought - $183,8 million, RAND Report, p. 23. It should be noted that the 
federal funding in excess of $100 million per annum has been invested over the 
past two decades to support activities geared towards reduction in earthquake 
losses, through the National F.arthquake Hazards Reduction Program. A 
comparison of these funding levels with the quoted earlier estimate for the 
annualized wind hazards losses suggest that a significant increase in federal 
investment in activities geared towards reduction of losses due to wind hazards is 
urgently needed, justified, and has considerable potential for short- and long-term 
payoff. 


1,3. Accomplishments to -Date to Reduce Losses Due to Wind Hazards 

Despite limited federal funding and the lack of a national program focused on 
reduction of wind-induced losses, research and development efforts to-date have 
helped to advance our understanding of wind hazards and their effects on the built 
environment. One of outcomes of this effort are improved provisions for wind- 
resistant design. Examples include the ASCE Standard 4 , which serves as a key 
resource document for model building codes. Other accomplishments include: 

• Improved characterization of winds; 

• Statistical analysis and modeling of historical wind records to develop 
a design wind speed map; 

+ Improved descriptions of wind pressures and associated loads on 
structures; 

• Improved evaluations of the performance of building envelopes and 
load-carrying members; 

• Development of devices for low-rise structures to improve the wind 
resistance; 

• Improved knowledge regarding wind-generated debris impacts 
and mitigation techniques; 

• Innovations to improve wind-resistant design of buildings and 
structures. 
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However, even with the above developments, our understanding and ability to 
quantify load and resistance characteristics for use in cost effective wind-resistant 
design and construction practices is far from complete. 

1.4. Wind Engineering/Wind Hazards Research Needs 

A list of wind engineering research areas identified as critical for reduction of 
wind-induced loses, provided in the report published by American Association for 
Wind Engineerings (AAWE Report), included: 

• Collection of wind speed data using robust instrumentation and state-of the 
art technology to map detailed structure of the wind, topographic 
effects, and long-term climate effects; 

• Simulation of hurricanes and their wind fields and other extreme wind 
effects for statistical analysis of wind, wind loads, and wind-induced 
response of structures and their components; 

• Modeling of wind-structure interaction, including effects of integral wind 
loads on structural systems, components and cladding, effectiveness of 
retrofitting schemes, effects of structural fatigue and impact by wind-generated 
missiles, design of cost effective tornado shelters and shelters 

for hurricane zones to minimize evacuation; 

• Study of internal load paths, performance of structural systems, and 
effectiveness of connections between structural components; 

• Field monitoring of structures in natural environment and large-scale tests 
in simulated loading environment; 

• Research in debris impact potential in windstorm and development of 
impact resistant building components; 

• Mapping of wind climate in urban areas; 

• Health monitoring and structural control studies for mitigation of wind 
effects; 

• Application of effective numerical schemes using computational fluid 
dynamics to determine the wind environment and wind loading on and 
response of buildings, structures, transportation systems and other critical 


Wind Engineering Research and Outreach Plan 


9 



85 


components of civil engineering infrastructure, and to mitigate these 
effects; 

• Development of effective techniques for collection and rapid archiving 
and dissemination of data acquired during post-disaster investigations; 

• Development of cost-effective retrofit techniques to enhance wind 
resistance of existing structures; and 

• Development and application of reliable techniques for cost-benefit 
analysis of wind hazards mitigation measures and other socio-economic 
evaluations. 
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I„ OmJWTUNm FS AN i> benefits of rf.di ttk US in 

VULNERABILITY TO WIND HAZARDS 

J.l. ( h 1 1 g 1 1 1 ■' r 1 1 1 1 ■ I i i- h III K^dlUH v \ UlriL'k'ublllrh III H irtiL UinJI'iK 

Dili; uxulmu R&l> m fr»«lr«.ci..ir.' jrd expertise in wind uncmt’enmc and oslior 
dmipliiies pcrtintn* lu iriili^mi ol mud hazards. rvcvnl advances in n> UxTiialiLMi 
technology as well ns lessons learned from programs focused on mitigation o( 
i-ihi-r maurat hui^nindc, -l--, p l- l I . ■ I ly eunkcpinkec. lorm ibe htua thru prm idee unique 
npf>4irt[iriil,i-EH lo C'^h.inee nut fllcci-c lo reduce vuimnuhihliesMi p-iml ’ijz.irdx 

Hie existing research iiifrtBWKUUW includes lalKPi-aiov>- and lield ft ell I Lira rued m 
iiwe$iag«i« wind ctaracicriMics. and m md effects on buildings and stmewnes and 
I heir components. The nu:n unm|MiMnK ofihe lahorjuiry nir.i-iinicn.'u nre Icon- 
ic sr .(Kim wind iunnuls iI ji allow for rciliw.ii: "modeling! of hnmdary layer 
winds and udhtr How nici-iing lucil Ii-j^- llial have beeni aryplojvd in exploratory 
II WMJi.ln'ijj of Mlhet UfirhJ j.'FAe'rWiihetka. Irtcludlif [OrfnMhKfc, hlllrieBJBi artd 
ilmenhiu"ss rtJlflcrws, Aeih niK irKiiim iiuis in ihe I n :i d Sums involved in 
laboratory nii'dj line of wimd efTeds include: Cmlcmdh Slate University, Texas 
Tech Unheraly. L'konson University, Iowa Sink L’misiersily. Louiwiu Siale 
University and Univenaly of ten Lie Dams 

L iver ihe years, extensive w ind engineering fie-id siulics riHiiised on -wind cfleci-, 
nr. low-nse huildmus and wind haronls raiLieulkin hive hern carried uul I 
rcriezrchers at lexusTrch University, ul two riles in Luhhnek. T3£. A field silu bn 
vary hiuL wind StlgiiUCriilg io^fjli.ealii.Tiii primarily kvi.md om irvinufuctund 
hemes was es&fcHelwd bad Jointly operaied by the IXiE'l Idaho Bnviranmenwl 

Engineering I jborMnry end I n i venal y u f 'A' yci m in g'| 30 miles wecl of. I Jimmie, 
WV. 

Several un» cere It lea Isa^e esublnhed programs 10 collect high ridel ny hurricane 
wind ilelii, inComnwion near ground, :ind wind ln.nl ng on hiiiMing envelops .ini 
he ilc me performs! nee during juiiuv wind event*. A iiLmher of houses at vnrinut 
locuLmns alone All ur-:ic and fj'alf ccum* hu\ e been irtflrummled nr oul listed v, 1 iLh 
urirmp and hniokote fur caesy mite 1 1 alien r»l iiummunMiiM. Ilk v. clriirls have 
been carried am hy resencliers (twin Clcunscn Uiuvenl^y, Unlvcneiy of Honda « 
Ljninesvitle and LiHvenvijy of tllinoiv nt Urhnna-Clwnpgjpi. Scvtill wind 
eh gp tea mg reiearch gmupw <Tc*as Tech Undvcnity, Clenviirn. L'ninersily and 
Univeiaity r>f Flnrinlii uL flainesville) arc mubilc hr wen (typically 10 feri in 
lici^hll arShVgkally in 'oI ■Miii.d Cm xri e.xpcclAd paLh vf hiPriVariei. vt Olhvr liijjli- 
wiftd evcins, I hesc irutoimemed wwers ore eiiuipped w idi hack-vip pciwer rupply 
and they ue c.i|\il'L- of wiihvurdinv. wind spverls up io llXi mpli rte-.er-: 
upgrades of the mwen included use nf wireless phnne tvnr niLxicaiion 
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liuccus-Kliilty deployed lor llie licM liniu during liind fill I dF Hurricane Isabel in 
20<i3 F tu Iransniil 1.1 1 L' acquired dala lo r.cerlr:.! dal dhise in mar-mal time. 

Aiwtfcr ewmipfc of an ■nnovjHi'i’e HPF*ie*nhm of ite ^mcrijjnt tenton, ttoiH 
n«|iii<i|iMn _ i.l tnuiKiriKuqn wchnnlAjjjr is a leeenl study ccuirihnpled Ky 
researchers From University uF Ton I te [Jurnc who have un supplementing 
iTjcil'-.-iml TTiuciilorin^ dessccs in, mcasuKrnL'nl aF vrind induced reipcinitt crF lall 
h.iildiii£:i ueiin^ Ihc (ilubaJ Pos-rlkmirjj; SytlLiu (tiPSI. 

Thsf j*ows c-a«s nrrt wJy h KpKKnMwc of ipplicstikms of new 

lijul ri.iliiL'iu:- incrarojmraled in current HKl) Fneused on nn ligation CiF wind 
I u yard:-. III.,: revoluiiccary mlu of nilivniiilxin teduwlagy (IT) ind iMimotctied 
upperk mi. ii;s niMjlliny Ihxn its applic;ilnui m Ltldrls geared tu reduce 
VuIlKrabilltJf lo iialural ditadlm Wert diftSUSMil in RANIJ Htrptprt. 
HpplicniPfuie erf E T ill imniioriruj and simulating «innk hownls ai*l otnuDunl 
response ■hie it* i : .iri|-i|ii.ikii-:. as mill as in ici'niue dam acquisii inn and 
inlerpreiul km coupled vt ill rapid communication and vuisilixiliaii up aid bicud 
ranee iif .‘stakeholders (ranemu From, Elftli thruugh decijkin-maiirig and 
cincryLTsry pvTivinneLf were ditx'jHMjd in Eili HI JtL|xif; . Tin' described 
a|'| ‘lieal ■IN', ml Hi linvn In I .li-.; a li I.-I- hJi'-US | h-T-l-'I I jl In aid :,ink\ III I i.-J n i.' i.' 

Mnernhiliry w wind irs^rtb. and w cowfinrte loenl wd region*! planning to 

p.c. ei:r, rdr hr ire u ird induced luster,. 

US. Itrnefils iif ( ’(Mini in and Wind 1 1 af arils v *lilii:a1h'ii HnL'urrii 

Rodueini! wind hazfircle i i^X it a 'hniiE-wrtti oontrimiKet iliai Isuiltfe on past 

experience and iiilvancM in isut uiidersinndirii}, iif n ind, wind-induced I I ne .nv.1 

resp .li-.,: of sLnanums. hop sun oF wind uuncraied dt-hris, and ■_ I IiIli:- nr ether 
naLural phenomena ajssucnled t* ill; xlruciu winds I Far example surge, hail). 
AdvaiiLfj in qiiaiiLilyirti: llh: physucal nature uf ilmanii vmds, coupkd wilti 

otHMlnuInf impHVfiKatB ta enfliK4fin( meihodt. ^ili rotuli in t^iiiFkHilry 
iiHKSKd Hinii hjJKirrl tnfeiy. »s sirutmr^ ^%isiinja in eririepl wrind MFKS are 
ri!irnti:ii!i!. arsl niiu and. nipiKiimijni simdures iad : rl:.i>:niLii.a! Miumh am 
crmfilnictid. haii’ijch m wind haynrdk can siyaiiliiiantl).' reduce eceEKiniic Iiisott; 
rL'mllmu ln.im Falun; slEvmu-wmd f vails. Whcrr^s ^vitjT f.iLwra slcoc^ cun he 
vitid, 11 -kti; ej a pflrltifig rx-vrS lo eifllirluC Hxh rtsoarfili ni lix- IhflurC, and at »i 

PrttWfdiJ f:?rif 

ISccacdu i'i_r Nalion's. livflihnnd is highly ihi[>iridanl in husinars acliviLy, a Fcrum 
■a ad L’yenl. even emu rvilh .vy|y a icaidarak damuye pi'knlu'. van result a 
tiyniilvanl HKvmiimit loan. In an o*n.nu; cate, live ncxmviKu ol'a hurricanE wilh 
iIk- im^imudk 1 ' vi Imiricanc Ajufesw, *mh laiidHili pibKipc ora * nmropollun 
nr« (siieh nt Viisnni.. FUoriiJii would he fcMjaHiinjj Toini hw nEioeiiiied with 
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such evcm is CHimmed 10 exceed $30 billion, will) a aignifaani poni«t of ihis 
toss anrlbuotole-io Imemipiione In busfaw opandona, Tk tragic cventa of Svi I 
m V -ii h luIiIli sCXHtf die iCurrtLy of tiXMtOfTlaC ir i|-:ui of u rtmjuf 

disrui'LiiHT in urljun inlfoslrutf urc and iiiLmuplioiiH in fcwalBMS WKivltits, 

IT reintanl and lirndy rravardl icupli.d mTi ■.! ldjLri e kihuoliigy Lra refer Lan 
ruluiv LIil cccriumic loss limm a rin^le I’iI-.ik Stuck;.- wind kvwtI by kii*ii a ihj- 
LLfnurvatiw I 1 . 1 payotl'iin Ilk irwcatinuTri v- ■ 1 1': Ik in Uiu biHiLoiiaf ik'llim. 
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J, ['ROTO SAL FOR ESTABLISH 'I ENT OF NATIO> \|. WI^D 
HAZARDS KtDLO IO'i PROGRAM |NWHRP| 

II. Main f ampanunlK nml hivus* nf. Activity 

In MH 1 B 5 M d-f BfRunwnlt put fraih in ihn pncKtitKioa *nl (Iwlinis iwlvnnetsl 
□ Isuv, liure iElAHD Report''. AAWE Ripwu '. NRjC ftepon’, NIST Report'd. jnd 
ir '■ Il"v cl' the Lumnl ;iml ;iiilK.-ip;ikJ i'hIl ”■.■ iii'-ii\\.p:iihly hiuh level of wind 

dnmaiui it dwiiid tv apparan ihu tfko.in- ecninijenwfiewes ant wnpicticly needed 

•ml cun he ridvrilnped in seem jivI reverse ihese nnih<iuhl( mnili. Rvudente ha, 
hecn iilH> pi-ununkii ii- suppen j pr'jjmi-ili'.'ii lh: tin inLuynkd and ooocdaiMed 
liTip-knn illi.'rt ivilh n-tll ;IcIiiicH. iH.'hkxutk und iMKrauiaftle gnals in Rfill, 
■eduvMiccA and itwiwch will Ik hckhab 10 flliutiflaimly iwHnw- (ocmmI 
vuJncrjhiliEy bn wind hazard* with 1(1 2D yur time hm-imo. Siiih ;i I cciiild hi; 
xijumplishiid lhrcui[d-i -jsluhl islim^nl oi Lii: S.-tiorui Wind ILuiir-dv Rl.IiiiI .>n 
ftopwn 1NWHRR1, The esufedlrihnKtM irf sudt a pmparii was niav-L-d In ilu- 
p.-iti hy jLinM in :il " .ii’lI -niherf. ( ARE' Kq-rtn NlAf hli.Tii.-in’ i 


Tabic S. I. Main Cumnyarali and .Ifcwf Areas of Activities of ihr NWti’Rf' 
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TVw corker* rind imptoncttMitKin of ibc Nlfc'H'RP should he hull “-in lessons 
tc-.iniisis ftnm the 25-year axpenieiwe with ihe National l : min.p<.ikc H.unrils, 
Fludindinri Prugjam •SI.NkPj JI:o starting pin nl ir rhi* pmooriH could be foe 
revised cohdtjiI of the Nf.KRPdcsLrih.'d n the S I kl Report 1 . Aiiipinlion of this 
mihi] ror Ific NWIIRJ* is snmnsarLzad n Table 3.1, where main LMimpucicnls and 
major ureas ol'eudi component of the program am prerenled. 


As shown in Tattle 3. 1, the peogfwn comprises, of ihe lullowirty four toinpatKrtis 


A Ui^cMiijiT4ti'tg of '-k 1 1 n i.l Hii-'jiaU l^kif*ru;m of krwwfe^S? on se'cre 
winds; rpiunniicnliM ii-f the ariicndanl wind lidding, ro buildings, 
unudiues mil rniraslnjcrure; uud napping of wil'd hnynrds 

IS. Asauis niunt of [mo art of Wind Ka.nnfc : AunsmenL of pcrlhmuince of 
buildings. iliuclurLS anil inJrastnKlure: lie hi bn pawn L Ml Ibumcwurkr; uud 
Mils fur ximuVluui and LXMnpsriuliouul modi'lmy: mid divekipinml of 
loofei fur fiymoffl keel mndciiu;: uud low aisetFirntfiL 

c. k^huMiniM of liYipnui Hi lA.ml Hn^iftk Deseloffm*™ rt-f rwornfil- meu<ur«. 

fur c\i-,i nu buildings, SEnieiLnes ,n\l infraKruclefe; develiifimciu of 
mmyvMivc vrniJ-rcri-oari* Eechnolngics lor building;,, idruclures .nid 
inlTadnicLure; and devL'fcipmenL of lard measures and cued alfi'dive 
LurdlnicLiun pniclirEX crmxiitcrTl wilh shu-spccific wind hu/jsrdv 

I). EnTimiccincrfl of Coirtmuikv RcHlicrtce- EdtK-aiimi anJ iMreach: 
Enhance! tieni id eoimiisuucy mi hem m ivind hazards; dfcciiwe irasns/cr 
io profesionalb of research findings and cechnolojiy via eartreadi efforts 

di.'velripeij fpff **:h comps muni gf N ft |-f P P; mid (levclflfimiini of e-ffeed v? 
u-ili---.ii ii r . i : i'll rams - ill public iiuircach acEiviiies. 

TITocts t|'ccilLcd fix: each cucnponcnL i:m<isl of researrfi and ouLrcauli I.ihcs. T3ic 
research lask.-; address Ihc seicner uud enyiiveeriiiy ar well sis societal approaches 
rteccs&My fur boLCer risk iiiiujs'.nivt'. practice? desirable Gu prevent Iwsuc? caused 
by wind hazards. lhC oulrcucli I u :■■ k a- art iWusOd oil Lrarfcilif Of Ilk rci c-arch 
lir'hlir'ins arid arc dcuck’ipcd Krfinn’kisy 10 pfftdim. 

lirpItmeilUdoo nf she eoiu i.-pi is huud on a ^.piiiiicinl jtrsiujvviio i fr<im 

S I'mpoiL-ni A ihnxjah GMnponuiiL I), Ui.c in eiwB-comfinnene nature, muny 
i '.iii Liii.’n larlo. of CumponanL E> are planuad lo be ULlbraiud al appn^irialu phusas 
of prourustr in rrnsiLimh. lurk.-: or all fhc compimL'nls of Ihe pniy.nm. 

In lomtulaLknl iit lha XWHH.P plan akc nipls uov irudc ki duyckip 3 dyiiam ii' 
|TT.ipi.iiu [Imi wouki allok liar Mir*t-lv usf of ciurrdinpa of origin^ (Id ilk Ufnkd 


Ik ’lid Enyinuurin^ Mc^.arcli and (krlruacb Plan L£ 
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Nutt! and vise -a here) ne-Iaied reieardi and Dulreach tlToni nddhstiag nriiiv.niier 
af Lcisjkx l I i i l- 'i' v. i ~iil and oLlier remind hazards. A particular jrleruion H£* given 
cn wniviliiii in (hi! awn nJcinhii.iake etieuiDcring, curried mil v> ilhiri nnd hmind 
(he iTumewcek aF \l.l liril " These accivilmi were carefully examined. Let j v.ii-.l 
duplicnlinn. of elldrl d.-lin.jusj i line i-oopv nf'iwirk piop-ricil lor NWEIRF. 

.V I. Pnlentiul lmpii.1 nf InforntiEion lectin nk'i;r 

RcmiLdrsclopmunLt in mlonnotieni lochniiCii|!y lJunmirs; dnlu col'ccUeri, Inmfur, 
pro-rciMiiy. und riHicJisijLnm; nperirtienlal urrd vomfHJkLCirniMl nimulalHin.; hiySi- 
ltk! cmipcJlinu- aaid tklaplivi.' ncta-firkin^ Jihvl n pulcutiul IP k-sd 
ijiifSn.ijLtJuirtd I ri. iikLtiitKiiths iii oaf ellLiTi to reduce ptrtpefljr losses and hnniTiri 
suffering due to wwrt Tmiards. These sdvsawea m mfnmiatkirt icelirwlo^ il l ) 
hai-c already aignifkaiiLly influenced BdUvuiee addressing Impacts of manual 
hurarta, I *o rspeeteFiifiLivs tunmplet. of rettnwioe w- NWKRP are discussed 
below 

The fiiH (W-MTiple is ihc kerwork ior Eanhqwie Erfliiwing &immlado*i INF-ESj 
V^n lu.tm federal iirveuipem ha< keen aulhrirized K £!o*t[y-es* for the 
development of NEES - S&2 million aver ihc 2002-2004 period, This funding 
wk •Ik-Kciicd lor consUmcLiiHr erilrirroernenc of eriei Tivoii njj Uinrulcrrieii at :iliocn 
universities, und ileve&ipmenL nf nn advanced nelrvcirkcd. end erd i-nut ed 
experimental!, di:,i, urrd compuLumnul in I Him rue Lure. This resource nuke:, 
passible i npk'ircsri.il inn -nf ;i eecnrepl of "LntahnnlCTy" v- hieh cr j rdei- researchers 
to remolcly interact rvilh each other nnd ■■ in Ike it driiii-idon ami Lismpululiiirail 
wark via ‘'telepresence'' tout. ApplicuLicci nt these concepts und infrastructure 
appears Id have u ureal pcMential fee bceuktlirouelis in wand kujurds research und 
uulrcucli Modest inrestiuenl Id upgrade wind engineer ■■ iu experimental 
(hbura£(ny , 'l»dd'| ur>d cccnpnluLierul m trail Lructure, COupkd wilh shared use of the 
'*EES naworting L*H|iaihcliCic»- vruulil. allow fur art cflkienl rsplsiralory 
applica/ilom oldicse Mctuwlrtgks in actlvriiea rtffWtiH.P 


I he second «\Aiiipk is utilisation vf Iow-com. small-aize [3 fix 5 fl} iict^wked 
radars that can he placed on laming cellular icwers, These shon-rtnpe Beeson 
os it pnviiiJe mfoniiidkm on low-level winds nnd other proixnic^ of Ihe 
acmcisrh'^ie tc«rlace layer Tliey *ne- curicmly bc«ntt developed try ™>s -of the 
F.npneering Re*£jm:h Centers [wnporled hy hfiF i anil they are sclrednk'd in he 
(.sled in mid - fX I S . in a nelv.niked ■^■11^,111011 iiii enr er>ng. j,ppnvr.imalely 2 d 
perceivi cic ihc Si. lie- orukl.iKur.: This cechnidngy . ■■p L -.,r% In trace piire-ai .il Idr 
uppl . ion 11 mapp.iiij nf v, ; nd ha/jirki nnd in iilher aciiviliei 01'ihe \THkP. 


Ifi 
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4. II A iitHMiMi iS(; [>F VV|M> II \?,\R its. KOVI POM'.NV A] 

TTif I'ir-il step iDwjudi piiriviine society fmim liuaet due In wind bi/anis is a 
ssijjnificjm imfirnvcineiiL in our imdersxsnd in; i wind Imsmrds, in Ihc Elniicd 
Stile!. Areas Hlenuiied Ln be ci i'.ic.il for .accomplish mg iT.i» coil ore li-.led in 
Tables 4>| and 4.2. They are Livde.l min two ^reiup-;: Ucscarck Tasks i Table 4.1] 
und (bilrciu'li Tasks. Ilnhl. 4.2], The research iii>k.s areas broadly 

deHned lee L'mipeinent A in Table J.I.. white the la:->.s :n Table 4.2 refer In Lie 
related outreach utliirl nl 111 is ininpi.aL nL and Lriw ;-L'<nnpi.eu , nL. l arej nulrcaeh 
lie-led in Table J.l under Llie CompcciL'nl O heading. 

J.L. Heiuarcli Tusks: 

The Lbke- Inled in I'abk 4.1 adjdft3& research llbat would liUprtjMe our 
understanding of sb«e wind* (ine I tiding hurricanes, iwuadoci. ibuudetaiwma. 
mid other strong winds phenomenal and ftiiuPindiKtd loading on btnldingf mid 
sirucriires, Il^ey are dcs-iencd 10 toko advance Horn iap*d mKhik« in setwise, 
chnn lion, pro«stine*iKl >.h 8 iriiijj. os well as-Eimulsticm and visualization. 

FaMr 4. ). Research TarTr of Campanral A - Underilantiiitg af Wind Hazards 

AHl. Enftinccd (tnom k-il^e and! I Kim nil Sn-ere Hindi 

j. Inipriwe elui . cier iiaiiun and archival uf (roperti™ of set ire winds i Iiuit c.ines. 
tfaiodersiiirms, lurriidcv-;. dottrbtlnpe y. md:-|. 

h tnhanid'dtteliip Immune nun ion anddjiu iransJer piinessnij .ilrjetiuUinc far 

aiqur.liun id to.uie wind wind Iisiilinv iluu and iUm uiehivul 

v. Dtvctw dmulMiein ted tmipiy licM. (to* teal. iiumcwAl) Tor mudeliMK 

ws-nre n-intb. Icc iludics ufi&snflhiifiirib iiiipiKl 
■i Gain knuwkdpje on nmd-btanr debris «d imjmi un ilruttaRi. 

k. Syndic w/c irpnn e V kwvIi:iI|!i; or. «Vr mteral phcncHr>:nacpnirihuline.t£i , °'ind 
hazard; nnpaci t water mp, II. ». ■line ■ 

AKL I! iiil'. r-snimlinL »imM^m:mi li rii il»n ni Vi iln! I ,ii:nli n|J 

ii. ItewHop llelilhil-Hiriiinih da.il:u*c a Ad Litm ledge- based #.y sent mmld Im v . iAd 

'V.L-lllllil'. IMI I ~ 1 1 1 7 1.1 III L~i JlllI rljlILlllltK LI1 |K I -r.nl 111 iL 3 11 IT Hill Pi -.llvi Hill 

It DtMfcp nrwMtftur«‘’!*niiil:Hiiiii Itehniifcwl lmmb , lic*I.[£nuk , eil. miiiivnvHl] Twr 
nxxkl'nii. cT kiKJini; on hnilijinf. anti slnrrtwvs induced by ssvcit winds: 
c. DtAclop demunilnxiunbcadimark studio emplcyrns ihr devckiped Iwds 

AK.t. a 1 uppity nl ft lull lljemd 

n. IJc-telop Kiihmqise> far modeling dnognphic. icf>:-gripJ:.c and j. 1 *an eflem nn 

wind hajjj rit 

h ileseli ]' iKi|!|-inn r' st in. I tu.'Ji iLh III enfk-il ire.ni ;. 


tt 


ft- inti b.il^ii-cvi nip Kese-Jieh urd i hilieivi I'hii- 
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Tusks AR I End AK.2 mllLict Ik pcv^nrHiinn ilxmi tin- duvidupment of Ik 

nectary kid *nd tehorawny inftaflrucl^ kwImikhi of knowlodtc ilirweh 

:1uIl. anil l.ihri.iirrv LApmnxM-iimiLin, ■.limikn Lhc Ji: 1 . idnpmnns .jmi ..pplujiiisn ill 
> mu-iii'Ti kL'hiiiquuj. rind synlh lists l>T chu Urn eloped kro^K'.luc on severe winds 
mill nviiiiHuduual -imlnv. This tllijfl fllsti niLlmkk ikvikpnnml and uppIkMlioii 
Ilf iL-ijhiiHiin:^ for nuji(Hrm uf w mil kimnds, Task AR, J. 

-1.2 , Qsitrcut li Titb 

i lie o.iir-ji l’ ixrtks kind an Tnhfc 4.2 urc vi'^rvii liwrards. mpd npp- kirim anil 
iksiiminrilion of fi riding of livr msuEreli milts discuivsid aboic. As. i'n be seer, 
Iky i-iJink' IramliT ■■■ I ll-j iku'kfvd kmi^kifL'i - mnl lixiifi ink Cudiii. tJJndsnJi 

ami suidciiiKfrjwMl diE«*iiiiw(kni.df flwse MnnovatkHB co preonieins professionals, 

Hii!>c eflorts covet rill Ik iircit nddnis^ed hyik msuzjirh tasks: ik severe winds 
mid mini indufcd Ion! inp. i.Tm& AO 1 1. mid mripf-inp Dfivind hurirrl:.. T ask AEJ2. 

V .JJ*! I 1 . 4 ' I'.n.WMVJI l'l Li r,-. 'I -'III l^'.V . 1 . 1 i I I r I .’ III. 1 . T . 1 r. iV.L" iVl.V r 1 1 li j ■ i I J flV j I i.-iIl 

AOt. I!nfc»nml Knimlrffi* mnl I inhi o*StiTrrW»ds snit Wind L.nnilino 
a. IrKiirponiK Ik A-ntlotmcl k 1 1 1 1 t d 1 1 - k i+i n i 'j ur-- ^nock I j ink ™ks -S: 
btiMinn. 

I) [I interim I c (k iR-rifkisiilsinkuS UJiiiJ^lirK--- :-j-i! kiiiiw k-ilpr lL-i4iiiii|iM--. .S- 

lilmli'Tn In 7*&i/li! li.. j I iilL'aiiniLily 

AIM. Mupfjlng. iil!"iiVL*d Hiaift 

j. .::ii:.iL-TinuiL- ■■■■id hjjjr-dj, 1 1 aj a... i l-. i .---1 1 1 '.4 1 ■ i'u 1 1 ■ : i i murium Isuburtun) regions, 

t. [ 3 l v i L-lnp irnpiu* fjjxpt lliiiid mippinp mil wanning. 


Wind tin^inLtnnp Rararuh midOulnurKh Plan 
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5. ASSESSMENT OF IMPACT OF UTSD HAZARDS {COM PONE VT BJ 

Thu rj>L jruli and oulrriLh risks oMhi-; romporiL'nl are ■aiiiimariyt'd reKprcrktil) in 
Tables T. I and 5.2. The mcartli asks (TaMr 5. 1 > thiine-MC ihc rffrrl are*? lialed 
in iiihlu i.l cVir Component I-!. I h- cwlreieti i.iii, ( l.ihle * 2) nr-sr niranged in u 
manner simrlnHu Lh'. inpkiiur.nl ftir compeijicml A. Table 4. 2. 

!t, i. Itmtarfh r^siu 

As thtiwrt in Tablt S-.l, Ibrui: ivwJish niiCiaiiivie Jcnalcd EAR ( LltgupEi BR 3 , are 
priipcrMj (is address shorr-cuim nyr. of our iindoiiOEinJirij r>T imped ■ >i wind ha/nnds 
nn built ejivirmrnunl. 

T^Ai'if ,1 if fti'.ii-'jjrVI 1 ! r 1L -| k; £. 'h I rtl jj. jt - .■T.s'.i'.vi.^v.M J ijh' lH-i'ltJ j L T l .i2j. -.l'. 

i;.|.:i V( mil UrhihEainv iiT Huililinui, Mrwriiruh ar li fririr.il In Tra --jlrw Tun 1 
I lint; I hiCa f iilkvl inn, Riju-a iiilL-iiUllmi JL *iv ill In _>L^ 

a. iflurnM! his."- kvbu -eki 'x-hjMnr ot smiciurul jiiU iMisuu.iurii L'ltnkMUis'in- 
ihrou^h field mnnimncjj and i jlsonKocy tardies. 

b. I tcoho undurs'inilinR of wine I ockI caihf mil lu^Kidh. 1 of fu.' I scnrmrral system] 
ihrwiili field miinilurru arJ phynicnl mi«dclin|g -nf Mihjysltms vd tOTipfclc 
syflcwf 

■_■ Sv nllii^ vr m f:mii:i!in:. lnr ll-v iL"i di^HliirTfi .in.i LuIhlUkni'E'iPiiiL'IiiiL'.iL'U'l 

IlH'llt. 

iL Lmfxnvu uridunrjiidmg of w ■nd-hi'inie dukif. nnpoui md pnxuuiiu measures 
ILN-. Ii'dIs hr t imipnriEni nnd Slrunun^LjcidSlmolilkn A -( ■impiimhiiui 

Vlmklinsrtif'Vimri Efkcb 

a IX i'di'p-miHWsJin-sJnKliirjl !»n) niin-dniHiin' vinfnKrtl 
b IX". d L-| : 1 1 1 1 n kl iff \ J-^nidiiililiuv iiii^niuEEj-L-i :iik! •%'.**Jvi:. 

l Develop hlgh-endfcrld-hued certtpuittkeul mrf'nl! rU slmulalng vrlud liiiduiu 

WU V, nKl iiiilii.L’ii llil.l'ji j| I = 1 1 1 1 1'l-rJ . 

d Ijcrnmr LOlIrharjir, e devalnpaiKm ul :-ormjiv iiwili jnd pruiards fur tfiu 
w ind -urn earn i unpinurriiip caiiiniunil] . 

! Rrvrlop Imyr-stalr duuhjtpuj and v iriuliyji-on Iwli fir oJ wind 

dftefs 

I M ■: i . IT i Hill liir >1 ■Ul'in-I i/l’l .mv ■Vvir-.viiiL'a.l AfiVU Ebriindi 

a. Puri'ami valHlmon smditv i*,« Ljlibi jil aha raising lo» eanmiLrxi iiiadekv 
mLorpf'ra ipg physiejl rrd suiauial impair of lusted- tee' wind hazards :nd rulne.l 

phdllHTMTlE 

b. I'niin'V'e dwuse and ftiBililj moduli lor hiddipp* and suurrurrs 
it In^rnuc imliivv* eslipialmi nvulcl-i Cur * ind h^r.iws 


i y 
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I'ht (xpcfjnifliial ilil.il'.i-.L: '. 1 . 1 1 tkj lHIiiM ■■In'll. hiihL\l -.in -dna :il-.|iiiil-:I during. 

“iiirr canus ind nllwr ilnmpwmd pvcrris). Linin'! kxl field eeperiinenls und 

1.. -MI..I 1 H II- I r." ■ - -i.iv- h-.lin- v, ill lx- .Ill l-x , ..-il mil! 

jiiliiKC in UuvrlnpiTvirLr :md ■- .. liii.n .. .n nrinols forc^-npi'iicin hnJ nirnnur.- !o c! 
slntulMlon md eompuiaikmij i*»dtllim>f*iMl tffftKtAd fw tigitm-tmsli'kne 

aroramentaF-n-Tnd 1 1 . i j r J 

5.1, Hnlr-cach Task 1 - 

The- o.iir.ji'h liisks- renown in Tahlo 5.1 ,ir: u Jirua isiwraiaii of dseh of il'o 
hvwwtvIi 1,-rHWi Ufhrtrtltd hnTlfclC 5 I 

Table J 1 (krtmach Turk; B AMcameniftf Impact rrfWlad ftsconia 

BE]]. '■'< in-.i l?L--r l:iliLv i'l Huildlliet, Hli ULlUtf, mil ( /ilwal I ill i mlr ui Tui v 
L llns I !■ I r ^ H. 1 . 1 1 L II ■ 1 1 1 I-. 1 1 r I ! 1 1 1 , 1 l r | " I ! & XLni||,. t |L 

i Ot'tVt' rvsffliv>( pkrn fm ncodh'd injni ^inli Jlrwlnml -iml nwulrwlinral 

■ ilk. -Ji ii. I ii i ' u k .-I I- - 1 ■ i ■ 1 1 1 1 2 i In jikbe&i vJnii \ linn m/x iM~i:xiiiliii r k 1 . Inn.|ik'> 

Ini' prUdklhdHI III ■/, ind I r: i: l,i:|,.f ill l-iiililillui Jlld imiaurH. 

H. iJtu-kip uiipIcinflrMiiiin --ir.iiLpj for dcpk^-mpnc at Hnscrs in hi Mr;s in J 
dnirinivi: identify •”+xnli»n. ftr ikplnj inj n-ir^n ihwiik pulit? injinmviin 
l I]l-i L-k]k uJHIIaltlli jp_- Jrlincx !'. H ik-id.ii'-i-if: ■. ‘i’ tcnuiii- mil llkrir n-v ii, 

CfHflLiOII i'l hnildl|-|n--.i|-|-j'.'.il:irik.lLj IiliIiIIl--. .ilLlifj.-^ imtClilLLSiWIlIl 

iirntrsiincy TagwHidtrs. 

BQ2. TwU fiir C uin]HiDcnl anil HErUL-lurE-f.c'i Hi Himutilliin £ E'ntii|iubJlliiiiul 
MiJillil^iil Wind Efltcll 

?. (.Tran nt" diKi'l' furrEpresEniini; Mu-iur trfTiruETunl and nrirmiEiural 

vcinfvn(nif.f%F i nt; insijnTprt¥THift«ppT foninniltfvn nrwim)«r«*nKevf 

l.iiil'IiML-, und AIEulUiKl. 

ti. Rum j ndn-iijUv^kJiJ " .iid. kiruLiiii.il jIilmuli ing « uni. '.sin-* fra ihr 
jfivinp—x iv; oiid dssaniirHliun of siifidird' fur v, ind kadriy. »inulxk4i 
Mftatri 

L. DL-.Ll.y-ii iIll; id- utilise iliIimiu: III gfi-eftd L-.-iii|!iji*J kiiul dtsdUTM* 

proUcms of u jid euiimftnng; include- -prjLEicing'ingKuera in pixnapdiian in 
dms last. jnd ri'dismir-n.-niiTnol'ifw ikxtlup£d nf'v;<n™l;ili[inw!rtinn|pj:N5. 

BQ7.Twb.lijl Hi lIkM-LeL Efi'Lval Aa-ve-lsIIIl-uI ill blind llujjnlh 
l I Jev ivjp iiexi - jMiMNM»n Nm* i^iimiiion methods ifilie ;:;j nevt sinvi&iiiijn 
KthnnlrijMj. dhlibo*;; jnd -'sh-ind cnrujulinu jnd L'isinlirdliun t«4s 

Ii 1 J-|— . r; k-j- 1 1 1 1 1 n_- 1 pi mi in i 1 1 1 1 1 n illy I i 1 .1 1 n (.; in-.cilhn-. 1 1 i I i IT-. 

L 1 . 'V'.tIl n-llh LUliiiiuiiilir-. ill L-tliulirij iIbuIiu l:. .mj iiiudaluh Ini X :■ 

n- iiiiki . hi lium - Hid hJi-.iiUk and r-.'lji'.-J pliLnumLna 


U .nil tjid nixiii i HdSdzmh nnd UuLn:n:h I'.jii 
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ft. KF.DIJCTIOX OF IMPACT OF W l\n HAZARDS 1COMPONF.NT C] 

ft. 1. N'.'-vi'J.ivh Tasks 

The reiearth lasts TiriipciwJ -it iKia- ™iripinwnl arc ujiu niarivod in Tafalu 6.1. 
They ape divided inhi mx tuluyorim Lliul ninja: Irom iiNtiuKiiuil uf iKLhnuItjgiesi 


Tabic 6. j. Racarcb Tc . iiti of Camp C flEiftKVimr of, impact o/H TmJ 

CHI. Itrirn'lli ariicnHcuna & Naniiruriiftrftl SyUumn ■ 1 1 E-: ■. i - ■; i ■» u l3uBdl*g* 

■ I X-Il-i: rim. kfruftHIh Jill! i li" L‘ 1 ." lTui ji Ir-i -Ai.x iM PC* Mii.Ji=>.i:Jm, -lulm ul:, 
■ft! i^ti iii |H iiiciiI.'iIiTct v-il nrri 

b, PVr ftimi ill-sil" (tarftCKriMl ninr rnn|i"|j iniilniiilh. nrrjiuvnh wnd 

MffiQrMMHi 

u [Art Kjiim Tur i^lronilinitciTflinfi muTflun ufbuildirtuiy 
slmrtyrrs and infnislniciijrv 

CK 2 . I mpo otlv-t Ter hnoCmltai tor New MulldinRi. Mratduf hi £ ialrielrudare 
a I Je ck>p a'si dTrclive iiiinis uue toihnologks- Tor new tuiklin^s. sinKtuns and 
inborbiKlim. 

CH. 1 l ] jlhiI 1 ' *1 L' MV.r- .irvh : < 1 1 ■ I I I s- TT< L‘ I b I- 1 c n s 1 1 u -s' I inn T[~jir ini 
* I X-. L-liip I uni mm- iiiriminii anil Eiinl LilTyiiln u ■ :h i i-J r i ■ l-E I i ■ m |ii:i. Iki-i 

wAfrrScjiHI! Tllftpptlil nmd 

[Hi, t uit I.qm MiriRilitfi 

ft lAnni ivrl-irnijiic: 

h. Impp". e Inss escimamin mudeis. iiKludirv Kiuvsi 
e.. CJevciop demeiisLrxicin studies/cascs. 

d. I >j 1 1 1 .l 1 1 ;. i r, i- j appliejiLOD of develflpetl dooLi in [Hisi-en Em sminE. 

CH -. KIOaiiL*ial Env'lr uHin'ii In In rraniltT l<s--l-.h 
ft Cl : I-.’ 1 1 mi! 1 1 1 ::ai 1 1 1 i 1 1 ul r I tad Vi irtil IlTt.l ■: Li I : i 

h A*ht>X yflfesliwniirin nfritl. Ii.-vii-: iri-llimh 

v IViTunn CHI frifcfil smlj&'v "if various His--nli" Id “i'- 
ll Aralyxr ervnKft indtofti? Bouts I r t insurant I 

CHfi. tabling and Emtrglns ToctiBsloffiis Fh Kmcrpcsutt HfqwiM- nM 

ft l\' vkip ■H.Hih &¥ rtnHimv men Murine of wind hzusrd* I htnricam knidi jllE 
b. Develop tviI-Itfik less eslicitahcri tools rwu-'indlHcartls. 
r Develop P'mMlE'wnsirif! leehnulcpRi Icru-ind diovape assessment 
d. AdipUiievelop advinved dojisxrs rvapporl sj ™ms fnr i*ind ha/apis ard 

recovery. 


ivifid tnesnosfing Kcteareh aixl Quumwh I'lnn 
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Cur nMru-llC ul‘ jIiucEuieh tin mph Ihe do - , derpinont ul‘ ki liiiujuus li.rr umerjunLy 
and recovery. 11 k r«o«vli on «aofii irvluJti Kuh uM^iurijj Ct*;k 
i kit and iiu'A huiklin^ii and uiuu.iiuh fTuck Ck.'i iTVisi ufFei:! ivcnuss. i:f 
mnHrunioci arjoluos und Iiisk mitiyalhin inniimsc arc jodior-iitl h;, lasks C'R.3 
;nilJ CK4. rcjprvtiS ulv. While Cronslor £rf risks is lliC subjMI uC Task CHS Ti'-k 
CFeG is focused on uMtawloaiea ifdr entcruHicy refuse nml recovery. 

6.2s f JnDrxat*i Tiilot 

Thu cvulruach i,i: k-, duvet .il iimIi. -, rclalcd m devdtipinenl of design c.ido and 
y u id r lints, dorrxmslr.jI.iuii projecls, pruducli lie ptrlmTHncx-buKil wind ivsistanl 
design, developmeru of *w(i(H^ir*iuw project tfica&j-vft, siudiek erf 
I'L-iiL-i li:s i l l i-.iu; erf tjpnEier ■: f wind hazards. risk:,, and iiiic ur.ii inn of Ii*m 
cshmulsxm "'ll decision support IdoIs and rr>£-rhi*dolijg.j' deve'kipud I nr oihur 
ptirp. *■<.-« ttiIO ntivti.-irkoj uivm'iiiMcrd: Ui a>Mrt diiaster liianHyiiilKTH. These 
I'-k-s. - ■ 'dnili-.il ll'L- ■ ill C^ikfcptn|MNMl I- II ill - (In! Sft I IKS' 

Tabic 6.2. Oulmacfr Toxin of Camp. C - Redaction of fmurcl of W imi ffnrmt 

OH. ["Min. ( lindd-jni- :m<l I h. iiiiiii - lr j linn Frujecit. 

j. L L-k. ■ r j .j : iJ L - 1 ■■ i l-- . m ■ . i : : 1 1 -- afprunlu, uid uuhLI isxfct liar g,i:>irusiiunn 

Ultml/i oj buildings. :-'niL‘j'L-L and if.lrijii u.uir;. 

h thvekf. products toe iht Hrtptariixuiion at ptufi.mijncfhzseJ u.uui random 
doTJE. 

c. Conduct dlumriitssinlinn rnujocLsinvulvinu rerarchen, praolitimors-a^ ncrt. and 
other ilaldinlikrs in ihe Eiscssmnit and milipiwifm of wind ha/ird* In hiiildinps 
andfJhtTtwwmcTMd lurilrlie? 

4 Conduct sHitI MUnci »n mw (ctt-nidu^ii."'. s ink--, aril uuidulinrs 

£(>I. Flnunclil Inscru meads tu I .i.iiMlt HHki 

a. t‘oi kite iiks-rcc lor-x data & II >_■ r major -t, in J damage c era. 

h L Jc« L'ko a comprehensive , pdbJsols 1 accessible danibrsu un these ovenls. 

c. Perform cate sludirc on Ihe lonp.-lcrm hcnFtils'oftioacj' cJ ww,! havasrds risks 
transfer methods. 

C03. Rvl'Niiy Hint Etnn^lni; Ti,irli«*kEpfs for Fmurpvnii Hupnn^r and 
Rtttvtpi 

A. 3iiI;uijIl- In,, ojEnHliini Iih'iI, ia illi il-jI-Iimil- md Imrunl L :f, 

Its [V'VLkrfi jihJ apply ■ II - 1 9 : i ■ 1 1 ■ 1 1 1 ■ l- i is. bL> U|nljs: fHri»-CUOm |i:» l-,'.i:ii jlj-, It Hh fOSI- 
ctEm Jii.i Ii ■■in Ikold uid ourdl BirtEyi. 

o. [)fv L-lop division loals ill hi oaci avxupriMic daii. from dnitiraic dui hani.-. and 
update tki'isiirn makinp pn loss. 

d Incaifonio dtia arid iKiwirrkinp lescaroh Knnu perionned fnr uthev purpuscs 
into wind disaclor murupcmenl. 


W'irJ [inyintvmip Rt'itian:li uni! Oulnjsch Plan 


22 





98 


7 . emianc e:\if 3 t of roMMiism bf.sili p:\rn, kim-Cati-ok and 

OUTREACH (COMPOS EVT It] 

7.1. ( I.>|| .! || Ill'll lh H^.iliL-iiL-1- m Wind Hji :ii ill, 

Comiminil)' rv&il icn^c io wind (and nalierf IiumpIs is affeeied bir n mwitwr of 
fours Loss redueticn straregi«i focusing on specific Hniewrcs and foiSkics arc 

only a pm of pwcesa geared (awards enhancing such retilienc*. SDfepytln.- 

puficy makirty for wind hazards sali-ly Kquirea a KiLlt ijiii-kriLurHJiny of It'll' 
M'vsal l'tk! clithmiiic implicaLimi Of Laiaarnphif wuid events. □ewtopmenl of 
niei htxlulay il> arid asxisxnicnl of ■lornmui'.ily wjliv.TjbiiiLy In wind hazards. 
invcsLiyaLiixn of socielaf rmfiacts, ikcisxin inakiny. and. perception af wind 
Jia/judr-. risk.; are (Siu suhjrcts of lb? jimpnxrd research (asks Misled in Table 7.L. 
Included in chi! ■ able is a set of idal ad. outreach Iji.k:. thud iiiiIl'l 1 fns m development 
of deciximi loolx and regulatory processes, chmugfi TnuLhixlisJki(j. icx and 
demniudnitinfu Tot lurgeted iiudicnc?. 

r^fri'f 7, f Ti's-j* ttfC'Mint&it/ft RetfHm i? to WiMt Hitsciydi fDCi 

nr it. HL-w-jfL* Tub 

i. Develop rm'IhudofujEks and aixesimcnl irf cllceli'ecn™ in irdwtinu ^jliKTirTiliLy 
HdmhnKB^tDmnninity nsiliincc Lcnind hurirds, 
b. Iiwcscicue socieiai irupucis nr jigni lici.-- wind eienls. including ii»M>hj 
I calmed - , 

>, l T u-csfij;id£ dvcrfiDn niakiiin and pcrvcptkm Ysurds risks 

EK'tM)u(F'favh Tii'k'. 

l Provide decision luulx for rcioii am siakrtvoldccs. policy mikers, date and local 
ui'iiefiiiitcm L'1'fiLiJt,, design prnfeuiondls, arid inkers 
k De>vlup prfKvw. lur I Itl proving rvjf ulriory sjnllcni 

■: I L." L'h:| - ML'A iiilCIh kI ill i:y iu L Mini iffTYkii'i,li jThim rlfiiiC ILir 1 : 1 1 L;-r1 u 1 1 :iii:lu"h r. 


Warkun ll . above r l' > -j : i r-.' I ■ and outreadn laxks will draw on cexeireh .i ill ny-, and 
outreach experience rexulltny I'ram olher utliirtri addressing community resilience, 
including I Hr resilience bn can tie . lakes- llhronyh Kill Iff and. related iniliativicx) 
arid nlber nalural a r . I man -made hazards. 

7.2. I.iIiii ji li mi usd hiJilie ( JurhriL'hi 

The most immediate needs for edncnikm nnd outrraeh rvlaie w- det-itya 
professionals, eonsiruction imlusliy, uikI sate and foal govtmiaenE ■offteials. 
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TIilm: needs ire addressed cjulreaeh lasks of dir program teimpcninils A ITahle 

4,i[t B (Tatfc $.2} and C (Tahfc ti.I], As Mtiie^cmein of pedndicm In wind losses 

requires n L >L-r:ii L-ll^r. cduLMiLm cif iHl- next gerafulmn of prirfussimiijlx im 
hit cr^ 2 $.d in inis aith il>| rtJ £Lra;il public is drairrd -ji imesuro mcctii in Ihia 
end&awri IrtilraliVB pfOpiHWd lit al-Li'inplishi Ihis Lk'nul to u livititi goal VC 
lii»d in Siibl* 7.2 They include imh»neeme*i| nf cnirrieulb, inrerniiiieK *imI 
ramps I'll r pre eutlccu I.K.-I2) and collude xludcnlx. Items jinnpiMed io Liih.ircr 
tvlkjir'bd education include participation in wind damage invurtigaliuizi. 

TuiViV- 7.2 Tii-. A.-. .■.■.f £j!iMijr. : .v.M itt\i P\ihiii fAivritei-jfl 

H71. FrM>lk(c|K.I2| 

a. liiihuiui curriculum In nuiBCintfbgy nul wind engineering. 

b, llcvelap programs ter eatfv-lctintai^. uspuroncin fur K- 1 1 xindcnis, including 
summer internships and Limps. 

IW. M2. I 'nllrpL - ■ imIci urjilm.lv Fr iili :nn 

i bull. in .- : un v iilimi ili nigiiiiLvi mu; iriUts s iiliiyc, riiml uid -Iim.I'.i i L-- I1J I lie ixl 1 1 y 

find te utehiicumn:. 

at. lisiuMlili imei nxhip is I Li junior ood senior sutems. 

■:. Jlevclnp ineemjxe [umgrjms ter undereepfuvemed group. v, omen ond louujriiief . 

WTi, linnkpplu Panprruni 

:j IrKircn*' wh'lnphip nryi :iiiiilrrt''W5i [iiiKb Rrr PHbipra and AMnftl prvKmmr 

fc- Cteufkip pnnp!i"M Ilf p.ir!li-.jTilliMi III utt» 1 ilimifr mxmiihunuc 
e. I j r. L L 1 1 1 p JL‘liiv-.r il" "-:il III isj Sr. ■. k' r I l: fro p-rj lC i : i rig |ti..itei:iKrsiU 

J KsI:i!iImL hwcricise po^umi. p.r urubrre presented group*, oodedter 

nutraliicx. 

rnf lN, C#^lpmil"s Eduction 

■i Pr*dop ■skiTl evur-oat »n rvrem advances in wind cnyirrc cteiij. risk mmrtn-mtnl. 

CnHrrprui.u rrspmwandrcvmiiTT. V- -■£ lrf,!iU:m:il mil iniiii'. ili 1 t) (wi+-kin.-d 

-li.-i.li' lie I ■ i mi..' . '■ 1 1 : .I.iii. i.- - 1 j i - . i ii r| Lc i -"-ji i 'J i - 1 1 i i-s 
li Un clop tuiining uiinisui in iiiiL'mniL 1 lLvliu.il.ii> 1 - ii-ini* wcli-ln^uil ii iIctu: lis l- 
ihi-hIl- . imcJ itruif liiOSuii. 

M-Pfl. Pnbtif A-n nrvnvvs A (Jirtrvmh 

a. 1 : 1 1 1 1 1 1 1 i.v iiicd-vi n. liMinTrsomk>immiinir.iliun 

^ Piiwidr pjpptrri fur noliimd and ’nOcrHlkaiel ii.mtenmcw. « uik-Jn^ md major 
0uteitiHMiW 

v Hiri clnp mil j*-lriiLlui r :iikI I.- i -hi [ih 1 m [YiiTTPililHi ilieiin — i- li Iii.mi (limi^li Kelpliin- 
.111.1 V. efr- bailed miIxClilII 

J. Frcpute mieksi lin puhlle itsudli. 

e. iiuhl iimuid puhlie tejcime na iroriLiarx ■» i> md cri(i in earing. 


VirU I iilsiill - ne Kusuirdi and OulreiKhi hlun 
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pruilKV ucunSltH] |tri'"rj"i>. ib wlIS us sthcilanhips und jiiL'nilivL' nr.i^mi! ■■ lur 
undL m.prvMtilLiI.uriiufM. iu-<iirh. _ i and Hilhtr mnStHilius. 


■ i iJ knumi.iTiii^ Rrardruh uivd (hflpr-n:h Hun 
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a. BUDGET ESTIM AT E FOR MVHftP 

The uraimukd 3 -year annual hudyuL f.ir Lhu pcmpixod pmurjm is pikiKMikd in 
Tahks H. I Ihr.'Lyli 8 . 3 . 


rotfejU. Annual Budget - Kmr I {RT fOT) rcjcanh ituittvcTch) imJa) 
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T,m ■ X 2. Annua! ibwhi •/ Kt.ik J i ff J" (07) “ ;r.(n,v.: j'i (niurtQfhl -v ■ > ■■< ■ > 
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AJUI I ikrasl kHAke.pi: h Sroov 4 nJi 
\0.7 Miff**; j f W % U'-ri 
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Touh- S.J. Aimnai Butfj&r Yearl fHT fOTf research fmlrvarfrf laris l 


xSW li 

111. l«;rT MtfikTHMS HV I Am* 

|AU| 

BT 

nr 

T*>T 

A 

L >ni K-> 1 A> IMM! ut - WIKB NAURU* 


ii.«a 

ij 

22.? 

AB.I 

1 rtoturi ehAfvcr Wnl 

V.* 




A12 

1 B-J.TiLLrJlU itl 1 |ui a 1 la 1 »W| ■! 1 Wffii 1 C4Jrf 

K.3 




.-JLi 

H CC» Tf . i if Wi f li* *i h 

1*1 




Vi 1 

M SftiMt W*4? 

M 




,Vjj 

Hq^vr-frfWiniRlaiaib 

C.S 




1 

AWIjv.UINT OF IMF.MT C1F WltfE HA.TAttTr- 


3X3 

> i 

2' 1 

nm 

SeikliZj Rd-JOa'a-rf 1 '-irf*; ILfJ K "i JLiLi-T 

ui 




BR2 

Twte ft- Hud pN a+xHIn 

W 




lift} 

lurfft P.t £A,sJnvLcfd , 't‘raJ lju9-jA»n&4inl 

IJ 




IM M 

S n>. i a - jl Hcm‘ixkc i.hr^ I ; tj Ltlferm 

IX? 




1102 

1 1 b' 4 -. fcr ‘-jirJaa.-E ari M-jJklng 





nm 

lia J v Gw V4rfrrl.Wit.il aal la'IU 4 -mmTi.1I 

U 




£ 

linn <■ IKn uF IHPaC i OF WImj HAJLAlftfi- 


l«.l 

3jO 

MJ 

•.HI 

Krtnll of tairirq Hit dip- irf.Nr.KKni 

fed 




CHI 

Lwiiini N\n h.f i.‘ i Ir-rHrv- IlMkAirf- ■£ iauuw 

iJ 




n-n 

1 jjJ Urf Ui-hj-.i £ 1 ir-JIr.ll-rl lYial J.S 

DJ 




ON 

Cm EfflUiiii of WN Lmt UK|jri-r 

IJ 




HR? 

Finn ill IpRnpicTti ■■» i iml'iT Rb4«- 

IJ 




Cftfr 

Icdiilqin In ttKTfPK> K-nprc-: jnJ K-n. c-*- rr> 

S-j4 




till 

t'adbu. i.ljiLktrci ml I kTi-iunui Pn + 0 : i*. 

1 ■> 1 




CTE 

1 1 lw^llI lr-jrBiB.ri-.ii- l hli-Ju P.S-L-. 

2jU 




cm 

T^ihralifV riWF|-^(^fc> lii rl rr. 





r 

KNHAMItiJMMBMrirHiMLIEMT. IJPI L .i F. HI 

Ji' CIL 1 Ht.M 'll 



IX' 

oidunnm' ii.lsii.iewo: to w i>-d nazarfi* 


1.9 

hi 

4J- 

IKH. 

k-.-r. j:-.I i DnLa 

LSI 




rxm 

CSh'i ia.li TjJ-u 





HP 

EDUCATION Afllfr Ft«UC GUT H.1M II 



S3.T 

ILT 

HPI 

ht-Cdk*i ik-l^l 

iJd 




Ufcl'2 

Cakpr- 1 'rckijsLnhr Pnpar 

i.ffl 




an 

i'lL-A - 1 fjJi ac IVi^rjii 

tol U 




VN 

4'rilllikf 1 iGa wIm 

l ; l p . 




HP5 

P>M >. ■* * fefrrah 

i* 





■:;HAMI Kll AB ALL CTMflmSIEJVnS 


6I.V 

HJ 

¥.ZJ 


2S 


Wind I-.iijiinLiinnij. kesuarch and Oulneacfi Plan 



104 


A summary of ihe average anneal budget *? pfcaaibed in Table M and in Figure 
8.1. A 41:11 iod diarituclari el Hus budget is ptovidfd ■ u Af pcndfK. 

Tabte 4<f. Summary t.\j 'Average Awmal Bnrfyel 


HUKHaM COMPQHENI nM> 1&M| 1W| 

A UPiBEKiTJUHlOW OF WIHB HAZAHB5 ISjB 

H.'-rmliluiii 1 4 .{' 

I lumcti I i.D 

P AHHSWNTOFIMHCniFmm uun» 144 

R-.cn n. 1 1 T iH. i> 13.? 

Uumdi I iuh 1.4 

C RIMJCTIQN (W IMP.WT OF WmiFHaZABM 17a 

FtecmnliTiiii tit 

Ehirwti I u£* VD 

n i:s IWiCE COHMI'NITV RESILIENCE, EMJC. A. ITE OITREACH. 

1 tWllAll All \ Hi.’-lLJhM. 1, I'.>iUM:i llhj 1 . ■iHIIS .SjU 

ftOAEUch I I.D 

OuraBCh TiiSi H 

EHJCaTMN JlNB HIILICOimEjlCH 4.1 4.1 

Uririf SpD|m|iI .RrKmli Inatji 4LJI 47 

I irjiiS Sihn^jl ~ 4?irh.^.'h A. h iIii.'jiii n laiLi SUJ .M 

■UKAi^P TOTAL 41 a 
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T'PW 
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Flgurff I i 1 . -J *i I'lvigr 1 .i i r.'jjjj R.wig. v Dlstylhifltoa fyy Activity 

It nhtifjld tv noted lui Lhu average annual buduiiL uT 56I.3M k ippreixmiaiuly 
iiqunl In I 'tot' I he minimi i/cd malarial fciMcs in die United 5ulcs. 
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A Hiimmiiry of h.hljcc di^irihuliitri hv aclivilv, fiir 1 .1-vear perkiii k prccunced in 
Tuhlc H.5. ' 


Table ft J. Summon. of 3- Year Budget Prqjeeilair 
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f.CONCLUDI>C KfMAKk* 

Th» report discusses- ibt challenge of growing ^uhnonbilii^ 10 wind hazards In 
ike Linked Slates and it presents an overview of oppomwliiss us *dl as bcrttRca 
of red-iLlon in this vulnoalhility. Laiutilediriicu! of a ILikral program - l?ic 
MalJiinal Wind Hazards l-kdac' hTi Pnupam r'S'WI IHP1 is propDstd to address 
Ihn pressing priihlcin. The ceoiiepl ofN’WHR.F 1 , as well is icscsiEeh and ouLrcach 
plan, are ptesenkd. The proposed pn^ran: builds an les-sims leaned Irani Ih. 25' 
year experienee wr.li Ihr National farGiijuake I [awards Miiiuuiiivi Program 
fWEiHRP). Asl.iptaiisin -isf the- remrrlly developed (by enrlhL|iiii:e engineering 
common ay) relived concept and nelson plan for NI-.HR.P is proposed (nr 
TJWFTRP A <fetsiNd hr*<idriwii -of ihe ideniified Nft-'lIRp exponents' nnd 
activities is presented, 

I lie Ill-rig -Left’ll guat id ilk Ml III! P is Ill I'Tt-s H.-II s-atastk' 1 'l uc les-es Ifom wind 
hazards Ilk- proposed pl-jci outlines specific tasks far research and OulKach 
activities. idcuLilicd tfr Ik liccLssujy to iidiieve Lius gna!. Ttif plan calls Lirr rapid 
nnpIcnicnlaLim of research lindnigi and bednnulogy liamslur La prdcLilivfKisf and 
(in nun) invLancusI Io general pi. nl c. 1 ■. ■ accomplish Ihis glial, sped Ik ouljcacli 
laslcs are idcnl lice |inr each comp latent nf ihr program. Many of Ilk delnealed 
outreach elk irk are direct extension; nF the research tnks properted for a given, 
cn mrp-noent of the \ V. I I HP. 

In formnsIniHHSflf the kWHftP attempt* were nxjde fo Afvclnp a dynamic ptogmm 
lhat would -allow tiinimdy use of uttietsmcs of ongoing (in ike United Stales nnd 
elsewhere) related Kst-Mch and outreach efforts iidrcseiryg nKiigalkm of Ioskb 
due 10 wind nnd alter natural hazards. A panieular arte™ ion was given 10 
activities hi 1 he area 0 f can 1 1 1_| u u I, ic i'ngii seen n g. carried udi wlihin arid beywiii the 
l-ann.-'M.irk id the JvLHKP. IbcuC activities were svnc-lully ivainined 10 avoid 
duplication ol'flldrl delmcakd in the scope of w ork propc«id lor Ihe NW I IIR.P. 

fiver the past three iiccaJe< invaluable win. I coginivring and wind hazards 
m irealinn resources I research and isulreach inlnsdruriure and knmvhrtw) have 
been developed in Ihe 1 lined Slates. Despile limited federal limdine and lack of 
a reuiomil program fuelled on reduction of wind- indeed losses, research and 
dev ebopmeiu fllTtips In-dnle Itiee lielped on n piecemeal hnsk to iiilvnnce (Nitr 
understand! ng of wind haamfe and ihe-ir effeeis on ihe hmilt eoviremment During 
ill Is li'iks sign iris ai'- reduction in fatalities attributed 10 mini haznrds was 
reported, ttovoft cr, chia effort did n« lead 1.0 tcducinHi in imnen&l losses. Un ihe 
Knutary, pMperty ki&scshavc slguifkauuly fnercased 

As discussed in Ihis repcct (and chcwhcic. c.g. M AND Kcporll a aigniLicanl 
conrdiiiaUd Ixdcral cfl'inl will be reigjired bn reverse Lin s aides aralrlc LmiiI. lire 
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rcHcerch nnd oiitnench plan described ill lhi;. r. pi i, repraenls a oainprehensi've 
.ippriiiiL'h lit lhh firablcm h"ip o-nijr.i:ii .n: .is this plan thnsiijli inivilic-: af lhi 
proponed NIA'IIRI* pucjinises 1.1 h:ne a very high lewd (if sueoess in achieving 
sigrii I” ■_ .nrii ncduclban in wind h-L'iinls i rnpiLc: wiihin Ihe next decade 

Accent rcwdminnnry deielnprYiciici in in form Britan icclirHtla|}y I'Lncluiliny xensnrs, 
dMn cnllecciiwi, transfer.. processing. nnd viMinli/Jiinn, exponmenrtnl and 
l' i ■ ■ i {' ■ 1 1 . i i i ■■ i l ■ I sm'.iI.ii inn, hijjli-end compiiiing jaid muitliiv in .fnisaniclAirv) 
hive n pmendnl lit lead la nnprocedcnced hren hr hr. nights in our effarns. tit neiuee 
properly losses nnd human arlTefing due to w il'd hojnnls. Siring |hs ihnve 
i ■p|'"irn. -lilies will requite fcdeml invessnienl ro upgrade Ihe existing and develop 
new rewnreh nnd .srireneh infrasirneiureirwl hmmnn resoumeer. 

keteian in mmeririi louse* and human sufferiiia wirhin (he next decade will nm 
he [toasihle wiihaw a Bignifrcnmt and long-nerm federal com mi 6m etui. Meram. 
delny in udjudnein in federal sursnin in ihesc areas ivjEl undrwbledly feed in 
further land prohphly seedermed) rtserimrscian in currendy exisring rwiiermii 
reware h nnd wnren-vh infrasiruenire and in human resources- in ■* ind engineer ng. 
wind hazards mitiustion nndi in relmed disciplines. 
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APPENDIX: BREAKDOWN OF AV LKALiL ANNUAL BUDGET 
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